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Th(^ nK)n()|)livtv and pin lot^cnctic relati()nslii|ts iif the Irihe Kii|)h<n hicac (Kui»hnrhiaeeae) w<'re evaluated uslii^ se[)-

arale vvei^liled niaximuin parsirnnriy analyses of nueh-olide sctiuein-es of the inDNA inlernal IranserihiMi spacer (1 TS)

re<^iori arul cpDN A c(tditig re-^ioti iidhV. Tlie sliid\ IncluchMl 22."^ inn;n)U[) species n^presenliiig nearly all of llie previously

rect>^nized jicneia. subgenera, and sections within the Euplunbieae and 1 oulj^roup taxa from \\\v tribe lli[)[>otnaneae

(Knpliorbiac(^ae). I^'>ll' tl><' I
1'^ ^>'i*' ^^^fhV aiial}ses suppitrl the innnophvly of Kuphorbieae in ad<litit)n to the nioriuplivly

of its three subtribes. Anthosteininae. Neogiiillainniniinae. anil Kupliorbiiiiai:. Within FAiphorbiinae. tlure an- four major

chuh^s. onlv one of which corresponds with a |)rfviously recon;iii/<'d laxori: the three remaining clades are con^lornerales

of various subgenera and sectioris. The niajorily of the subtiihe is comjtosed of a paraplnletic FAiplwilnd. All other

«i<'neia currently recognized in the subtril)e are nested within F.iiphorlu'd. In addition. Synadcniiim and Endndi'inum

are nested within Monadenium. Within Hiipltnrhia, the niajnritv of the eurrentl\ n-co^ni/ed snb^<niera are eitlu^r par-

aphvletic or [xtlvphvletic. Bio*;eo^raphical patterns exatnined in li^lit of the molecular evidence suggest that the tribe

Kuphorbieae arose in Africa. possii>iy Ijefore the !>reaku|) of (ittudwanaland. at whiih time the major lineages of subtril)e
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FiijilKirhiinae were alreaily |»resetil. It is ar^iunl tlial [\\v best .solution for Euphorbia tlabsifuation

scriptioii oi Kupliorhia lliat contains all of the ahont 2000 species ol the subtiil)e Eupli(nLiinat\

Kvy words: classifunliori. Knp}\nr})i(i, Kupliorhii^ir. ITS, udhV.

is a 1 I)roa(i (ircuin-

oiioiincniiy (lifficiill. nnd a cdnsidtMal)!*' (]<'gn'r of

It was only a year after lanitaeiis (17r>;?) first eir- periaiilli; in NeDguillauiiiiniinae (»nly llie pistillate

riittiscriJKMl llie genus Euphorbia L, (Eiipliorhi- flowers possess a perianlli; and in Eu()horbiinae

aceae) to ineliide all of the iben-knovvn inenih<Ms neither the pistillate nor the starninate flowers pos-

of the triJH^ lM4)liorl)iea(Mhat other botanists began sess a W(^ll-developed periantlu although a rudi-

to divid(» the genus into several smaller gt^nera nientary ealyx-Jike strnelure is present below the

(Miller, 1754; Trew, 1751). The controversy has pistillate flowers in a few specit^s.

continued since, and almost 250 )ears later the is- Aiithnsteniinae consisi of two genera of tropical

sue as to whetluM- Euphorbia shiuild be recognized forest [revs: Anfhosfci7Ui A. Juss. (1 s|>[). disjunct in

In its initial broad sense or be separated into many west tropical Africa and Madagascar) atid Dirhos-

smaller genera still lias not Wcu resolved. Eiiphor- tcmma Pierre (1 sp. in west troj)ical Africa). This

bia ami Kuphorbieae are generally considered tax- sid>tribe Is considered the leasl speciali/<'(l because

of the perianth on both the starninate and pistillate

uncertainly has always existed about the relation- flowers. Further, each individual iiuolucral bra<i

ships ol the groups within them. This probh^m is closely envelops a clust(T of many braclcoles and
ditc in great part to extreme moiphological di\('r- starninate fIow(^rs. The cvathia art^ bist^xiial or sta-

sity, a large rmmber i)f species, and a subcosmo- minale. In Anthostema {\\v cyathia are arrang<'d in

politan distribution. Ftnv workers have been able to condensed axillary cymes. The involucre Is r»iade

up of four united bracts and is slightly zvgomorphie

out its immenst^ rang(\ and there has never been a because it is spread In an ojumi half circle. There

universally accc[)t(nl classificalitm. This lack of are five large glands along tiie involucral bract mar-

consistency has hindered and to some extent dis-

comaged researih within the genus Euphorbia as The 3-locidar pistlllale flower is not contaitUMJ in

well as the Kuphorbieae as a whole. Thus, a clear the involucre but instead lies at the base of the

imderstanding of relatioii>hI|)s within the tribe is of involucre's open side. Rastnl on its open involucral

great imi>ortanct* in ordtM* to provide subsiMiuent morphology and the possible ]at<'ral position of the

workers with a |)hylogenetic franunvork oti whiih t(» |)istillate flower, this gemis probabi) most closely

bast* their studies. resembles the ancestral inflorescence moq)hology

Th<* tribe Kuphorbieae is characterized by its of the Eui)li(»rbicac. In />^/r//as7cmmf/ the cvathia are

sjnapomorphic pseudanthial inflorescence (termed arranged in loose, open, axillary or terminal cymes,

a cyathinm) composed of a gland-bearing involucre In contrast to Anthostema, the four monochasla-

of.^cxeral united bracts and their associated flowers <*ontainIn": itnolucral bracts are imite<l in a rinir

and bracleoh^s. Kach bract subt<^nds a monochasial and the Involucre is com[)lelely i-loseil and acti-

staminate infloresceiu-e, and these nionochasia sur- nomorphic. The four involucral glands are con-

roinnl a single pistillate flower. The indi\idual flow- taiiUMl within this structure and attaclicd to the in-

ers in Kuphorbieae are highly reduced atul repre- ner walls of the bracts and the base of ihe

seiitctl b\ a single stamt^n <»r oxary. with or without gynophore. In the center of the inflor(\se(mce is ei-

galn a com[»lcte understanding of the tribe through-

gins and betwet^n the clusters of stamlnate flow<'rs.

a p<'rianlh. The slaminate flowers terminate slend(M- ther a minute pistillode or a 4-locular pistillate

l>edictds, and the [)islillate flow<'rs can be long-|)ed- flower.

Kike Anthoslemina(\ the sublribe Neoguillau-

mlniinac also contains two genera: Calyropeplus (5

spp. in Australia) and Ncoguillauminia Croizal (I

icellale or sid>sessile. This structure is hi<rlilv com-

plex, and there art* still doubts as tt) its exact natuit*

and evolution (Gilbert. 1994).

According to the most recent synopsis (»f tht^ Ku- sj). In Nt*w Cah-donia). In contrast to AnlhosttMiii-

phoibiaceae (VJcbsler, 1991), the Euphi^rbieae con- nae, ihe starninate flowtM's lack a perianth, llow-

tain II gentM-a placed into thret^ subtribes: Anthos- ever, a perianth Is pn^sent on the pistillate flower,

It^minae (Haill.) G. K. Webster, Neoguillamniniinae and this combination of features defines the sub-

Cr(»izat, and Kuphorbiinae. The presence or ab- tribe. In addition, the bracts of lh<M'n\olucre do not

sence of a ptMlanlh (piesnmabK a calw) on the tightU envelop the stamiriaie mouochasia. althoudi

flowers distitigiiishes iht^se taxa. In Anthosteminae the latter are enclosed within large braclcoles. Ca-
both Ihe slamiuale atul pistillate flowers possess a iycojtrjdus are xerophytie shrubs with small, oppo-
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site leaves and cyathia arranged in axillary clusters. niosl fasrinalinii features of the sul)trilH^ is its "-reat

The involucre is (hstiiictly cupular and is made up diversity of growth forms, l/dv^c. forest tices, shrubs,

of four bracts. The glands are located Ix^lvveen the p(*renuial herbs, geophytes, aiuuials, and a great

lobes and allaclied to the wall of the cupular in- (Hversity of succulents are all well represented. Tn

There is a central pistiUate flower sur- comparison to most other genera of Euphorbiinae,hivonicre

le cyathial morphology of KuphorDia is nManve^y^U hitivfdrounded by four staminale monochasia that are op- tl

posite the iuv(tlucral lobes. The sole representative unspecializeil. The cyathia are actinomorphic and

of Neoguillanuiinia is a mesic forest tree or shrub generally possess one to five separate glands situ-

witli large. s|)irally arranged leaves. The cyathia are aled on the rim of the involuc-re, and this i)lesiom-

long-pedunculate and arranged in few-eyathiate ax- orphic feature uniti's the gemis.

iMary or subter'minal groups. The involucn' Is (H)m- With about .*5()() species, Cluimaesyce is llu^ larg-

posed of four to six bracts that extend into large, est segregate g(^n us from /^///>//o/-/>m. It occurs wide-

petaloid a[)pendages. There are eight to twelve ly, but most sp(^cies are coufuuMl to the New World,

glands arrang(Hl in pairs between the f(»ur to six Distinguished on the basis of vegetative morphol-

staminate monochasia and attached to th(^ base of ogy, its cyathia are nearly identical to those of many

the involuci(^ and sometimes also to the base of the spt^cies of Euphorbia subg. Agalonid (Haf.) House.

yno[)hore. Th<'re is a single central pistidate flow- (Ihiunaesyce is characterized by many unusual syn-

er. Neogiiillduminld is notewordiy bet:ause the in- a|)omort)liies: apiial abortion of the main shoot and

volucres are gcn(^rally composed of five bracts, and subsecjuent sympodial growth: interp<'tit)lar stip-

a 5-merous involucre also characterizes Euphorbi- ules; opposite, frequently asynmietrical leaves; and

inae, disciiss(Ml below. Calyropeplus, as well as 4/?- C, photosyntliesis (Koutnik, 1984, 19H7). Numer-

ihostema and Dichostemma, j)ossess 1-merous in- ous Fnphorbieae specialists ((\g., Carler. 19<U]a,

volucres.

tr

1W21); Gilbert, 1987) retain it as a subgenus of

Eiipliorhia.

riie other five segregate genera ol Euphorhia are

is Euphorbiinae. It is characterized by the lack of also easily identifiable, but their differences, as

a |)erianlh on l>oth the staminate and pistillate How- mentioned above, involve involucral features. Three

ers, although a rudimentan calvx-like structure is getuMa possess zygomorphic cyathia: in /\'^/i/a/i//n^.'^

With about 2000 species and a subcosmopolitan

distributi(»n. die largest and most complex subtribe

present below the pistillate flowers of a few species. (15 spp., primarily Mexico) there are tw(» to six

In addition, the involucre is made up of five nnitetl glands enclosed within an adaxial, spurlike exlen-

bracts, not four as generally are found in the other sion of the involucre; in Culmnthus (-*? spp.. Cuba

subtribes of Euphorbieae, and the bracteolcs diat and llisj)aniola) there are two glands united into a

surround the staminate m(mochasia are generally shieldlike structure on the outside of the Involucre;

reduced. The glands are mostly locaI(Ml along the and in Monadeniiim (ca. 70 spp., Africa) the glands

rim of a cupular involucre. Again following tlie cir- are united into a single horseslu)e-sliat)ed structure,

cutnscriplion of Webster (1994), the subtrilx^ con- The two nMuaiuing segregate genera possess acti-

nomorphic cyathia: mSynadcnium (20 sj>p., Africa)

(I5oiss.) iVlillsp., Emlddcnium Leach, Euphorbid. the cyathia possess five united glands that form a

tains seven genera: Chanuiesyce Gray, Cubdnlhus

Mofiadeniiun Pax, Pedilanlhus Necker ex Poil., and complete ring around the top, and in Endddrniuru

Syfiddenium 8oiss. PoinscUia Graham and Elaeo' (1 s[)., Angola) the closed rim of the cyathium is

;^Aori/{/ Stapf an' also sometimes recognized as (lis- not a gland but instead au apparently eglandular

lincl from Euphorbid, but their status is not as extension of the involucral wall with a ring of nec-

widely accepted, and most authors treat diese as tar-bearing depressions on the inside of the invo-

infrageneric laxa of Euphorbid. Extreme (^mphasis lucre.

is placed on variation in the configuration of the

cyathium, and with the exception of Chaiudesyce, TA\()N()\n(: HlsroevY OK THK Titnn-: El lMK)i:iUEAE

the genera segiegated from Euphorbid are distin-

guished on the basis of involucral features.

Euphorbiinae are dominated by Euphorbia,

'Yhv laxonomic works treating Euphorbieae are

!un»ierous, and ordy a brief overview, focusing o!i

which accounts for ca. 80% of the species and oc- those with broad and significant implications to

curs throughout the geographic range of the sub- modern Euphorbieae taxonomy, wdl be provided

tribe. The genus is best known for the common \\cn\ A more detailed account is found in Stein-

Christmas poinsettia {Euphorbid pulcherrimd \^'illd. maun (2001).

ex Klotzsch) and is popular with horticulturists ])e- ()n<' of the first prominent laxonomic treatments

cause of the ])revalence of succulents. One of the of the Euphori)icae was that of Klotzsch and (larcke
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(IHriO, 1860). Altliouyli llu'se aulliors segrrgiUrd lluU of Pax and HofTiiiaiin (1931) in Engler's Die

both Antliostema and Pcdildntluis into separate natiirUclien Pflanzenfamilien. 1liey ess(Mi(ialIy f<»l-

ill I)trihes, llin An(lH»s!etn<\u' and Pedila!illiea<% ifiey lowed Rentluuns elassifieation wiin only minor

did eoneede their elose relationship with Eu[)hor- niodilicatiuns to aeeoninuMlate newly deserlhed

hieae. \\\v\v K.iiphorhieae contained 408 species, taxa. Again, a single tribe, the Euphorbiea(% was
all nu^nibeM-s of prese^il-day Kuphorbiinae. Fuphor- recognized without any further divisions, Anlhostc-

hia was reeognl/ed in a restricted sens*% with only ma, DiclioslrmnKK and Calycoprphis were all Ireat-

27 speei(^s. The remainder were placed in 17 seg- ed as distinct. Euphorbia contiiuK^d to l>e recog-

regale genera, organized in two sublribes: Aniso-

])hyllae Klotzsch S: Garcke and Tithymalae

Klotzseh <Ji Garcke.

nlztMJ in the broad sense, although the mirnber of

segn^gate geniTa had increased. In adtlition to t!ie

earlier recognized Pedilanlluis and S)fia(lrn!uni,

'Ilu* firsl and last monograph of the (Millr*^ Ku- tlu^se authors segn^gated the gcMK^'a Monadcuium,
phorbi(\i(^ and the basic framework for the classi- Stcnadcniuni Pax, Elaeophorbia, and Diploiy-

fication that is still in use today, was providtMl by athiiun II. Schmidt. '\\w VmWvtwo s(*gr(^gat(*s an*

Hoissii^r In 1862 (supplenu^nt 1866) for de Can- now treated \s\\\\m Euphorbia (Webst*M\ 1991), and
dolle's Prodronius. Boissit^r followed Klotzsch and Stenadcnium is currently treat<'d as a synou>m of

Careke by recognizing Anlhost<Miieae as distinct, Monadrnium (Bally, 1959, 1901). Cubanthus was
l)Ut differed from them by subnuMging Pedilantheae relegated back to a section oi Pedilotuhus.

Tn 1937, Croizat descril>e(l the genus Ncoguil-

launiinia and the subtribe Neoguillauminiinae to

into Fuphorbii^a*'. Euph<»rl)ieae coulaine<l 740 spe-

cies. Also in contrast to Klotzsch and (Garcke, Bois-

sier recogin'zed Euphorbia in a broad sense, and aeeommodatt^ it. The type, A^. cicopatra, was fust

his Kui)h<»rbieae contained only three genera, all descri])ed by Haillon (1861) as a species of Eu-
eurrentl) [)laced in Eu[)horbiinae: Pedilanthus (1.5 phorhia and placed in his monolypie E, sect. Dr-

spp.), Synadenlum (2 s[)p.), and Euphorbia (72;? radenia 8aill. Hoissier (18()2) treated this species

spp.). 11ie taxa oi Euphorbia wore positioned into within E. seel. Tithvnialu.s.

27 stHlions and two "series": A[»pendiculatae Shortly after Croizat's contribution, \\ heeler

Boiss. (conospondlng to Klotzsch and Garcke s (1913) |)ub!isluMl a broad classification of the entire

ubtribt^ Aniso[)hyllae) and Exappendiculatae Kupliorbleae. This was the fust major conspectus

Boiss. (eorn^sponding to Klotzsch and Garckes to advocate the use of subgtMuis as the primary di-

subtribe TilhymalatO- <^V^/;co/vc/>//i,s and A^eog-zaV/au- vision i){ Eupliorlna, and it is this rank that pre-

nnuia were treatiMl in Euphorbia^ and Cuhanfhus dominates In current Euphorbiinae classilicalion.

Wheeler IzimIrecogmztMj a snigie raipnorsiniile Kunhorbieae butwas (T(M'led as a section of Pcdtlanlhus.

Benlham (1878) expoiindtMl greatly iui tht^ Fu-

phorbiac(Vie as a prelude to his treatment of the included were the same as tliose of Pax and ll(»ff-

family in Centra Pla/itaruni (Bentham. 1880). He maun (1931) except that Diploryalhium was rele-

abandoncd (^roizat's subtribes. The gt^iera that he

agreed dial Euphorbia should be r<M'ognized in the gattxl to synonymy within Euphorbia, and Croizat

s

broad sense and fi)llo\V(H] Boissiers tnnitment widi newly describtul Neoguillauminia was recognized,

oidy minor modificalltms. Andiostemae was com- Euphorbia eonsisl(Hl of eight subgiMiera, and in

bined with Euphorbieae. Calycopcplus, first de- general, these c"orres|)onded to tiie siotions n'cog-

srrlbed by Planchon in 1861 but subse(|uenlly nized by Pax and Iloffmami (1931).

lreat<"d as a synonym of Eitphorbia by Bolssier Dressier (19S7) pr<»\ided a mi)nograph of Pcdi-

(1862), was resnrr(^ct(M] at the rank of genus. Ben- laulhus h\ which he convinclndy demonslrated thai

tluims grt^atesl change concerned ihe rank of Bois- the sp<'clt\s o{ Cubanllins do not belong within Pcd-
sierV s<'<-tions of Eujdiarbia, and he proposed a sys- ilaulhus and should l)e treated separately. Dressier

t(Mn containing only six sections, under whicli tlie is also not<nvordi\ because he ad\ocaled that Eu-
maj<iril) of Boissier's sections were loduced h» sub- phorbia shoidd be recogniz<Ml in the narrow sense
sections. OlherwIs<\ Betilliam did little to modify and restricted to Old Worl.i su<-culents.

In the years after Diessl<M's treatm<Mit, \\ebsterBoissier's grouping of species.

Around llu^ turn of the century, Pax (189'la) (l<- made important contributions to Euphorbieae tax-

scribed Monadenium and Pierre (1896) described onomy. He suggested the recognition of Chamae-
Duhoslcnima, \\\v. second known genus in the mod- sycr as a genus and at the same time strongly sug-

ern sublribi- AnthostemIna<\ N(^arly two decades gest(ul that Elaeophorbia should be treated williin

later, IVlills[)augh (19i;5) first recognIz<*d Cubauthus Euphorbia (Webster, 1967). Eight years later, Web-
as a dislinci genus. sler (1975) circumscribed lln' trilu^ to its present.

The nt^xl major treatment of lh<^ Euphorbieae was generally accepKnl configuralion. Me creal(Ml the
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sul>tril)e Aiilliosleminae to acrcornmodale Anthoste- entire Eupliorhiaceae also supports iheir alfmity

nia and Dichostcmma and resurrected N(M)j;uillau- (Kenneth Wurda<*k, pers. comin.). An alt<'nipl was

niiniinae to include Calycopeplus and Neo^uillaU' made to include as broad a sanipl<^ as possi[)le from

ruinia. In his third suhtribe Euphorbiiiiae, lie Euphorl)it^a<\ Four S{)ecies t)f y\nthost<'minae, 4

recognized seven genera: Euphorbia, Chanuicsyce, species of Neoguillauminiinae, and 215 spiH'ies of

Cuhdiithus, Etuliidenium, Mouddeninm, Pedilan- Fuphorbiinae sequenctnl. These included all

//h/.s', and Synddcnium. genera (except (Admnthus) recognized by Websti^r

generic rank.

leminae there are two getiera, Anthostema and Di-

ihostcmma. Within Neoguillauminiinae thtM'e are

(filbert (1987) and CarttM" (1985, 1988a) liave (1994). The sole representative of Endadanum,

made the most recent mothfications in Knjihorbi- eight species of Pedilauthus^ one species of .Sjm/-

inae classification. Their changes primarily in\olve dcnium, eight species of Cluinidcsycc, and five s|)e-

African nKMubeis and the elevation of various pre- eies of Mouddcnium were inchuied. One hundred

viously recognized sections of Euphorhia to sub- ninety-two species ol Euphorbia were represented,

including all sections (exct*pt sects. Bougiurn IJoiss.

In summary, at the time of this writing tnost au- and Cduhinthium Boiss.) treated l)y Boissi<»r (1862)

thors agree that Kuphorbieae is a single Iribt* with and most other imjiortant taxorKjmic grou[)s recog-

three sublrilx^s: tlu^ Anthosteminae, the N(M)guillau- nized by subsecjuent work(Ms (e.g., Webstt^r, 1967;

niiniinae, and the Euphorbiinae. Within Antlios- (iilbcrt, 1987; Carter, 1985, 1988a).

I he ITS analysis included 216 species (4 out-

groups, 3 Anthosleminae, 2 Neoguillauminiinae,

also two genera, Calycopeplus and Neoguillaumi- and 207 Eu[)horbiinae). The sample for the ndhV

nid. The subtribc Kui>horbiina(M'ontains ab(»ut sev- analysis was smaller and included 114 species (4

en genera. Those that are univtusally acee|>ted are oulgroups, 4 Anthostenunae, 3 Neoguillauminiinae,

Euphorbia, Etidddenium, Monadenium, Sy/iaden- and 103 Kupliorl)iinae). Following a ])reliminary

ium, Pedilaulhus. and Cubanlhus. Genera tliat are anal\sis of the ITS sequence* data, a subsist of the

less frequentlv accepted are Chaniaescye. Elaeo- sampled taxa ri^Mesenliug the major clades and

phorbia, and Poinsettia. Other segregate* genera wcII-sup{)orted lineages was sequenced for the

have not even gairuxl minor acceptance. Within &/- adhV analysis. In addition, 15 species were includ-

phorbia, the connnon [)rimary division emj>loyed is ed in the ndhV analysis itiat were not includ(*d in

the rank of subgemis, and there are 9 to 11 gen- the TfS analysis because of problems ol>laining

crally recognized <^\\\)gcm^ny. AgalonuL Cbarttarsyce ''clean" ITS seejuences for these taxa (s(*e A])pen-

Kaf. (when not treated as a genus), Poinscltia {Cra- di\ I),

ham) House (when not treated as a geiuis). Esula

PtMs., Eremophyton (Boiss.) F. C. Wheeler, Eu- fresh, silica gel-dried, or ht^rbarium material using

phorbid. Lanuilhis (Raf.) M. G. Gilbert, TirucalU a modified CTAB method (Doyle & Doyh*, 1987).

Total genomic DNA was isolated from either

Two g(Miic Regions were em|>loyed in the |»uyiogehvl(H(»iss.) S. Cart(^r, Trichadenia (Pax) S. Ciuter; Rhi-

zautbium (Boiss.) L. C. Wheeler, and Lyriopsis nclic rtn'onstructions: the cpDNA cofhng region

(Boiss.) L. C. Wheeler. However, a modern, ghtbal. ndhV and tlie urDNA internal transcribed spacer

coherent classification of tlu' genus is lacking, and region (ITS). ITS amplification using the polymer-

some proposed sections oi Euphorbia have not been ase chain reaction (PCH) followed tfie proee(hnes

adecjuately cU:commodated within a cuncndy rec- described by Baldwin (1992) and Baldwin et al.

(1995). Amplificalion of the ndhV region generally

(Klotzsch & Garcke) Boiss., Drnisophorbia (Lean- followed llie protocols described by Olmstead and

(hi) Croizat. and Deuteroadii Croizat). Detailed ac- Sw(mm(^ (1994) and Kim and Jansen (1995). The 5'

counts <jf tluM'urrently recognized infrageneric taxa (|uarter of the ndliV n^gion was excluded due to

ognized subgenus (e.g., E. sects. Arlhrothamnus

of Euphorbia and their taxonomic histories aie [)re-

sent(^d in the discussion section.

MATKHI ALS AM) Mi'/mOlJS

|)r<)blcnis amplifying it. Also, a [)rlmer ca. 50 bp

internal to the 3' end '^21 lOKi'^ (5'-TCA AIT AIT

(J(/r riA rCA A-3') was d(\signed ben-ause many

taxa would not am])lify using primer "21 lOK.'' Four

additional prirn(Ts were si)ecifically designed for

In total, 227 species were sam[)led (Appendix 1), this study: (1) (5'-TTA TTC AAT ATC TYT ATG

including 4 outgroup and 223 ingroup species. Out- GGGTAA-3'), (2) (5'-TAA CCGCAT AKA GAT

gr<»ups were chosen from tribe Hippomancae be- A'lT GAA TAA-3'), (3) (5'-TA(i GAA 'ITC C^T

cause it is traditionally cot»sidered to be closely TYA ATC AA-3'), and (4) (5'-lTG ATF KAA KGG
related to tlu^ Fuphorbieae (Webster, 1994), and a AAT TCC TA-3').

broad molecular phylogen<4ic reconstruction of the The PCI{ products were ehxtrophoresed using a
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Tiililc 1. Cliaiiiclcrlslics ol llic ITS and porlioii of the iidliV regions iiicliiilcd iti this stud).

Raw lcii};tli (hp)

Aiifincd iciij^th

Varialdc sit<'s (pro|)ortion)

Parsininnv-infonnatiNc sites

(projwirtion)

TTS

59 1 660

7:59

527 (0.71)

470 (0.61)

ITSl

210-267

;5();i

272 (().<X))

244 (O.ai)

5. 8 J

161-167

1 69

35(0.21)

22 (0. 1 .{)

irs2

202-24

1

267

220 (0.»2)

201 (0.76)

mill !•

I 16 i 5( )(

)

] 5M

710 (0.47)

519 (il'M])

CC content, mean (mn-r) O.SH (0.5(MK7()) O.SH (0. 40-0.7 1) 0.56(0.51-0.58) 0.61 (0.18-0.76) 0.;^2 (0.:i(MU3)

l.S% aj^rose gel in a l).^^\ TIIK (pH 8.3) huflei; a TI/TV step matrix, eitiployed in fiirthcr rnaxinunTi

staino(l with cthidiuni l)r()ini(l(', and then cleaned jxifsinioiiy analyses. This weighting srlienie was

using thi' 1M^(/ piecij>itati()n protocol (Nifkirnl. eniploye<l in (u<ltT to rTuulrl niotv clostdy th<" niax-

iniiini |)arsinu)iiy analyses lo the givtMi data set. In-

dels vscre coded as nnssing data. Mtdtiph* most par-

Deoxy® Ternnnat<»r Kit (Perkin-FJmer, Inc.). Cy- simonious trees were combined in a strict

d by ethanol consensus tree. Tree robnslness was estitnated us-

ing 10,000 "last addition" henrisiic l)oolslrap re[)-

199()). Cycle-s(MjiMMicing adhered to tlie mamifac-

turcr's spec ifn:at ion using (he PRISM® Dye-

ele-s(n]uencing was foil owe

|>nririealioii. and seciuencing ustnl an Applied Rio-

syst*Mns IVlod(d M'^\ Anl(Mnat<'d DNA Sequencing licates.

Syst em.

Sc(|ueiK"es were ass(»tnbhM! from autotnated DNA
sequence ehromalograms using Sequencher 3.0

(Gene Codes Corpoiation, Inc.). ITS seipiences

RKsui;t\s

SeqiK^nce \ariation for b<»th ITS and n(UiV is

were itiilially aligtted with (llnstalW v. 1.4 (Thomn- i * t i i i t- itc i

, T,,,,., . ,
sliown Ml lal)le i. lor I IS setjnences, pairwise lev-

son et al., 1994), using a ga|» cust:gap extension

cost rati(» of 10:.5, l(»llovved by visual mcxbhcalions;

UiUiV se(juenees were aHgned visually. Because of

liigli divergence and (he large number of taxa in-

eluded in lh(* study, abgnnienl was problematic h)r

certain highly variable regions of ITS sequences.

How(*viw\ the difficulties niostlv oetanred ali^niim

the major lineages of Fuphorbieae to each other,

and alignment williin major lineages was less prob-

els of div(Tgenee (uncorreet(Ml "p" values) for the

entire Eu[)horbieae ranged from 34.4% (between

Anthostcma sp. nov. and Euphorbia iusuhiud) to

1.1% (between E. alia and £. sjHilhulala), F(»r sub-

tribe Anlliost(^minae, levels of diverg(^nce variinl

from 9.4% (between DuJioslcnuun glaiicescens and

Afilhos/cnai madagascaricnsc) (o 2.2% (between A.

madagascariense and .1. sp. nov.); for ihe two in-

1 • AT , r I ,1 nv I ;/ T^ * . eluded species of subtiibe Neoguillanminiinae
lematie. Ahgrmu'nt ol l>oth IIS and ndliv nitro- ... ^

1.. 1 .. „ :. . 1 *i •. (Neogudlauminia cleopalra and Calycopeplus cas-
(luc-cd gaps into s(»me sequences, and tliese sites

. . .

J t t

uarinoidcs), the level of (liverg<Miee was 7.6%; for

subtribe Euphorbiinae levels of divergence varied

from 30.9% (between E. truholnrfja and E. pamh-

were inchi<led in the analyses. Missing data were

coded with a question mark in llic matrix. vMign-

ment maliiees have been de])osited at the librarv

of Raneho Santa Ana Botanic Cardt^n and snbmit- i^^''"*'^^'-^'^*^0
»** l-^^/^ (between E, aha and E spathu-

led to TrcidJASE (hi lp://lu^rl>aria. harvard.edu/

Ireebase.index.html).

lata). As expected, levels of divergence for ndhV
secpiences were much lower than levels observed

The aligned ffS and ndhV sequt^nce matrices '" ^^^ se(]uences. For the entire Fuplunbieae,

wen* analyzed separately using RAL4'^'^ t.Obla for *'^^^^ ranged from 1 1 .7%r (belw(MMi Atuhostema sp.

M;ieiiilosh® (Swofford, 2000) on a Macintosh® (;3,
'^**^'' ^^'^'' ^- oaxacana) to 0.1% (between E, bdubala

Due to the larg*' data sets, maximum parsimony '*»**' ^- exstipidala). For subtriln^ Ant!iost<Mninae,

using heuristic searches (Aectran, 10 random ad- levels of diverginice vari(Ml from 2.6% (belweeu/ln-

dition eyeh\s, TBR branch swapjiing, steepest de- thostetna sp. nov. and DIchostrmma glaiiresrcns) to

scent option not in eflect) was employi^d. Maximum 0.4% (between Anthostcma sp. nov. and /I. niada-

likelihooH estimates of transit iori/transv<M-sion (Tl/ gascarirfuse): for sublribe Neoguillauminiinae di-

TV) biases were measured for both the rfS and verg(^ne(^ levels varied from 2% (between Calyco-

fidhh data sets individuall) as implemented in pi'jdiis collinits and C. pamifalius) to 1.4% (between

PAl P* 4.0b4a under the I IKY inofhd <if nucleotide Neoguillauminia cleopatra and Calycopeplus paa-

subslilulion and using the ecpial-vveightcd parsi- cifolius): for sublribe Euphorbiinae h^v(4s of div(M'-

niony trees. These estimates wrro us(mI to produce genee varied from 9.6% (between E. aphylla and
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'ral)le 2. Statistics fruni ut-i^litcti inaxinuini parsimony analyses of ITS an(] udhV dalascts anil statistics for un-

uci^litcd characlers of llic same to[)ol()<:;y. Fur each analysis, nuniher and length of mo^t parsimonious trees, eonsist(Muy

index (CI), retention index (RI), and resealed consistency index (RC) are reported.

Anal vsis

rrS (weit^hted)

ITS (unutM^i^hted)

/idliV (weighted)

fiilhV (un\v<M*j;li(ed)

Nutnher

of Irees

2160

2 1 60

19012

1 90 1

2

Tree l(^n^ll»

883J5.2

(Ami

18ia.2

1985

Ct

0.1813

0.1802

0.522

1

0.5141

Rl

0J219
0,7126

0.7926

0.7992

KC

0.1:^09

0.1281

0.1158

0.1519

E, (xi.xacana) lo 0.1% (between F. hilohaUi and K. conducted for tiic 99 species in connnon between

exstipithiia). ibe ITS and ndhV data sets. The results aic not

'IVansition/transv torsion biases wore calculated lo presenlod here because results from the indepen-

b(^ 1.8 for tbe XV^ data set and 0.85 for die tidhV dent ITS and udhV anidyses agree stron<i;ly witli

data set. These biases were used in the weighted each oth(M-, and [he combitu'd analysis does lutt pio-

vide novel insights. For the instances in which tree

structure n^sidting from the ITS ami udliV analyses

maximutn [)arsimony analyses.

The ITS anal) sis resulted in the recoveiy of 21()0

most parsimonious trees of 6887 steps (equal differed, th(^ combined analysis generally provided

weighted). I1ic ndliV analysis n'sidted in die r(*- the same structure as die ndhV analysis,

eovery of 19,012 most parsimonious trees of 1985

steps (e(|ual weighted). Statistics (or both analyses Discission

are detailetl in Table 2. The strict cons(Misus of the

2160 trees obtained in the ITS analysis is de{)ictcd

in Figures 1, 5, 7, 9, 10, 12, and 13. The slricl

consensus of tiie 19012 trees obtained iti the ndhV

analysis is depicted in Figures 2. 6, 8. 11, and 14.

W^ith the exception of Figures 3 and 4, phylograms

are presented in Stcinmami (2001).

For the ITS analysis, the l)00tstrap 509r majority

I rnir> of ihk udliv am) irs kk(;ions r\

Kl I'HOnin ACKAKAND A COMPMilSONOK rilK

UKSLlLriNi; niM.OGENIKS

l)es{)ite being one of the largest angios})erm fam-

ilies and an important floristie componenl. espc-

ciallv in tropical regions, the p]u|)horbiaccac have

no! previously been the subject of a comprehensive

ruh' tree (values dc[)icted on strict consensus tree) niolecular systcmaties investigation. If ihe results

is siructurallv identical to die strict consensus in- obtained here are any indication, both ndhV and

the ITS data a|)pear useful iti inferring relationships

within the family. In general, the two reconstruc-

tions of the Fuithorbieae are similar, and thus cor-

roborate evidence of th<Mr phylogenetic signal. The

sofar as the majority rule tree is n^solv(ML Many of

the terminal clades are supported with high boot-

strap (bs) percentage values. However, there is no

sup|)ort for tlic majority of the basal internal nodes.

N(»tal>le excepti(»ns are the ancestral nodes that de-
overall structure of bodi analyses is the same (Figs.

fine the tribe Euphorl)ieae and its subtribes. In the
1, 2), and when differences do occiu". these gcner-

//r///F analysis, the bootstrap 507^ majority rule tree ^^^ involve clades that lack bootstrap sup])ort in

(values depicted on strict consensus tree in Fig, 2) ^^^^ ^j. j^^^j], ,^f ^j^^ analyses. There are ver) few

is structurally identical to tbe strict consensus with instances in which well-supported clades an^ po-

one significant difference. In die bootstrap analysis, ^jtioned differently in the separate analyses, e.g.,

elade A is not placed as the sister taxon of clade
,|^^ arrangement of Euphorbia meemie lihitt. &
McCann, E, nhdclkuri Balf.f., E. drupifeni Thorm.,

and E. polssonii Pax (Figs. 10, 11).

B but instead is located at the earliest diverging

clade in a gnmp that contains clades C and D. and

this is supported by a bootstrap value of 77%. This

incongruency suggests that tbe t(>pology of the ma-

jor clades within the subtribe Euphorbiinae shouhl

be viewed with caution. The maj<»rily of clades

found in the ndliF strict consensus tree are sup-

ported in the bootstrap analysis, and in contrast to

MUNOIMI^IA Ol- riil-: KlTMIOUtUKAK AND ITS

siiBTRiT^Fs AND t>Atr\tMivi.Y WITHIN suirrmitK

EUPHOUIiltNAE

Iti ])oth analyses. Euphorbieae form a motiophy-

ITS (see Fig. 1), manv of tht^ internal- basal nodes letic assembhige with respect to the four outgroups.

also possess significant bootstrap supj)ort. However, there is lutt high bootstrap support foi- this

It is worth noting that a combined analysis was grouping in cither analysis. The imusual synapo-
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82

95

67

100

1 00

100

100

98

92

clade D
(Widespread)

clade C
(Widespread)

clade B
(Primarily Laurasia)

clade A
(Africa and Madagascar)

Calycopeplus casuannoidcs

(Australia)

Ncoi^iiillaiim'mid vlvopatra

(New Caledonia)

Anlhostemu mada^asamensc
(Madauascar)

Authostema sp. nov.

(Madagascar)

Dkhostemniii ^lauccscens

(Tropical West Africa)

Sapium schiferum

OmaUmlhus popidifolius

Sehiistiama rornuta

m

>
tn

2

> L- —
rr i, CD

2

Z^

>

2 9

>

C

O
C
C/3

O

>

" SlWWngla spinulosa

Kignr<» I. StricI consensus of 2U)() In-cs hascd on a wcit^liU'tl niaxinuim parsiinuny analysis of tlic ITS region.

Koolslnip values giraU-r than 50% are shown ahovo the liranchos. Tlic hihes and sul>lrih(^s of the classirication of

Wfl»sliT (1991) arc indlcalod. Irnhvidual sirirl consensuses for clades A-1) are found in Figures S. 7, 9, 10. 12, and 1.'?.

morpliic iiidoresceru'r slrLiclure of the tribe there- Webster s overall elassifiealion of the tribe Eiiplior-

fore sLi|»porls this relalionstiip, and it is Inghly bieae (1075) is eonsisleiit with tlu^ TJioieeleeiiU ir re-

sults.

Within Ku[)lu)rbiiiiae, Ijoth aruilyses di-nionslrate

that Cliinnarsyre, Pedilunf}}us, Monddcnium, Syn-

Aiithosleiiiinae is the (^jrliesl diverging siiblribe in

probable' llial dn^ tribe is i?ideed m()no[)hy]<'tie. All

three sul)lril)es of Kuphorbieae also form nionophy-

b^lic groups (T'igs. 1, 2). and these elad(^s possess

fiigh bo(»(s(ra|» support, l(>09r for all three in tlie adrnium, and Endadcnium are all nested williin a

ndhV analysis, Kurtlu'r, In bodi analyses sublribe paraphyletic EupfiorbUi (see ela(h\s C and T). Kigs.

9-1 I). Also, b<»tli Symtdcnium and Endiidrniuni are

Euphorbieae and sublril)es Neoguillauniiriiinae and ne^sted within a paraphyletic MDnadenitun,

Euj)horbiinae are sister to each othiM". Anfhosfema

and Calycoprplus are stnmgly supported to be iii:i--Vn(>.\Siurs A.Nl) MAJ(iK I.INI: \(;ks \\ rnn\ TIIK

monophyh^lie (bs ](){y/( and 00% in ndh\\ res[)e<-

tively), and presumably so too ar(^ the monotypie

Diihostrmma and ISvoiiuillanminia. Therefore,

i:i niioiiiJUiNAK

l?oth analyses support diat th<'rc ar<' four major

lineag<*s within the sjublribe KuplKnbiinae, here
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74

62

100

91
1
1

75

1

100

86

90

100

100
r

^^^^^^^

100

100

78

KM)

99

clade D
(Widespread)

clade C
(Widespread)

clade B
(Primarily Laurasia)

clade A
(Africa and Madagascar)

Culycopeplus collinus

(Australia)

Calycopeplus paucifolius

(Australia)

Ncoi^uilhiuminia deopatra

(New Caledonia)

Afffhostenui nHuhii^ascariense

(IVlada>:ascar)

Antlioslcnia sp. nov.

(Madagascar)

Anthostciua sene^aloisc

(Tropical West Africa)

Dichi)stc}}un(i i^laitcescens

(Tropical West Africa)

Sapium schifenuu

0}nahinthits popuUfolius

Sehdstiiuiia cornuta

Stilliiii^id spinulosci

C

>

o
o

r— dd

7.

>

>

>

O
H
O
O

o

>

Fi^uiv 2. Stricl const'ii^us of 19,012 liocs based on a v\(m^IiI('(1 nm\iinuin f)arsimuny analysis of !lu' lulhV n^gion.

Bootslrap \alut's greater than 50%; are shown above liie brandies. The tribes and snhtribes of the ekissifieatinn of

\^ebsler (1994) are indicated. Individual siriet eonsensnses for clades A-D are found in Figures 6. 8, I I . and 11.

designattMl (dade-s A-D. With (he ext;e|)li(m of chuh- Diic to the lack of a coniprehi-nsive^ olassifica-

B (primarily composed of the temi)(n-at<' htMhaceous lion, many sections o( Euphorbia have not l)een ao

group of Euphorbia suhg. Esula). nunc of these lin- conunodatcd within a currently nn-ognized subg*^-

eages closely correspond to any previonsl\ recog- mis. Also, some sections that have l)een suggested

nizcd taxon. Instead, they are conglomt^ratcs of var- lo heh)ng to a particular subgenus an^ demonstrated

ious sections and sid)genera. A o f tliese nujjor [o im\ l>e ch>sely related. Therefore, the following

lineages possess signihcani bootstrap support in llie discussion aboul ihc major gnnips of FAiphorbiinat*

ftdhY^ analysis (l)s 74—100%), while only clade A is is organized by laxa of various ranks.

supi)orted in th(^ ITS analysis (bs 92%). Tliere still

is some question, however, as to the exact relation-

ship among these Hneages. Although both the ITS

Clu unaesvce. Fight species fr< un CI lamaesyce

were included. In both the ITS and ndhV analyses

and julhF strict consensus trees show that (dades (Figs. 12, 14), these sfiecies form a well-sup|)orted,

monophyletic gronj) (bs 91% and 99%;, respectivi'-A and 1? are sister to eacdi otlier and logether diese

are sister lo clades C and D, there is no ])ootstrap ly) in clade I). Species previously thought lo inter-

support to this grouping in eitlier analysis. g\\\{\c with Chamacsyce (see WebsU^r, 1967), such
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H
M

E. gucrichkma

E. primuUfi

E. tan^uahuete

E. calyptrata

E. acalyphoid

£. ant so

CT

C

Calycopeplus casuarinoides

Neoguillauminia cleop<itra

Anihostema tnadagascariense

Anlhosttnui sp. nov.

Dichosteftuna glaucesce/is

{

Sapium sehiferum

—Offuiianthits populifoiius

Seixistiama cornuta

Sliliingia spinulosa

10 changes

'
^'^"' -

'] clade D
''"""]

clade C
E. (richotonui I

J clade A

clade B

Ki^iiri' 3. Pli\l<)«];rarri of one of llie eqiuilly iiiosi |unsiiti()iiioiis Irces rrsiilling from ihr ITS analysis, showing hraiuli

lengtlis williin Fuplittrhicac. Onlv tlu- sfXM-ies with {\w least and most clian^i^s arc shown for each of the major clatlos

orsuI)lriln' Kiifihorhiiiuu'. Irnil\i(hial plnlo^rams (if cladcs A-O arc ijiven in Steinniann (20(1 1). K. = Eunhorhin.

as Kuj>h()rl)i(i inuocua K. C. Wheeler and E. peper- Eiidadcnium iiesled inside it. Moiiiliold^ieallvn ll»e

owioidcs Boiss.. a|>iK»ar to share iheir vegetative genera are utiiled in the possession of fused invo-

siinihnily diuMo eonv<Mg<'nre, as they do not group lueral glands. They belong to a weil-suppi»r(ecl

elose lo the Chamaesycc chu]c (Figs. 9, 12, 13). clade C (l>s 78% in ITS, KKK/r in ndliF) that also

Sitnilailv. E, rhnroh'pis Fiseh. (?v C, A. Mey., sug- contains Euphorbia suhg. Euphorbia and Licanthis.
gesltMJ hy Prokhanof {V)V)) to l)e possibly inter-

mediate between (^hainarsycc aiul (»!!i<'r species of Pedihuilhns. y\s their unusual zygornorphie ev-

Euphorbi<K is not support(Hl h) be closely related athia suggest, the eight s{)ecies o{ Pedilanlhus in-

(Figs. 12, II). At huisl based on the molecular re- eluded heic form a \v(dl-support(Ml (bs 100% in

suits, these putalivt* relalives an^ clearly (uMside both analyses), nionophyh^lic group (Figs. 9, 11).

Chamarsyce, and the charact<M\s present<'d in \hc Bast;d primarily on its involucral appen<lages and
introduction can distinguish all true sptM-ies of predominantly Mexican distribution. Dressier
Chamarsyre. As previously suggestcnl by Dressier (1957) and Webster (1967) suggested that IWilan-
(1957) and Webster (1907), Chamarsyre is derived ihus aiose froin Euphorbia snbg. AgaJoma, with E.

from within E. snbg. Ag(doma (Figs. 12, 14).

Sanipli

/' clost'st potential

Tn fcicl, tlu'v do iiol cvfii Ix'Iong lo the same major

lad /

ig of Chauuicsyce was not hioad i-iiougli living intermcdiatt;. Howrvcr, this analysis docs not
lo d»-t.Tmin<- the motK.pliyly of the siil.seclions pro- .su|)[)()rt any ielatiuu.,liip helween these two groups.
j)ose(l l)y Roissier (IH()2). Il()\vever, it is noteworthy

that C. acnla and C. nnp^usla, both iti Chaiiiacsyre

suhsecl. Aciitar Roiss.. lie sister lo the remainder

of the speeies sampled IVom ClidiiKicsycc suhseets.

Cymnadcmac Boiss., Chvlonvac Hoiss.. CJumuwsy- clade^Crthe exact position of Av/yA,/,//m,s- is not
re, an.l llyprnrijohar Ro.ss. Chamarsyce snl.seet.

,(,,„„^,y ,„pp,,rt^H. In the ITS analysis (Figs. 9, 10),
\rutar ,s the only grou,. u.tlun Chamacsycv not ^ ,;,., ,;,,,.,. j^ ii,^. ,.],j,, ,,f ohj \Xorld taxa that
j)ossessu»g the deri\ed C^ photosyiUluMic pathway

other menibtM-s of subgetuis /l^'-aA/m^/ (Figs. 11-13)

belonging to elade D. Beyond being a member of

. .

includes (he Synadt^niuni alliance and E. subg. Eu-
olhtMvvise <'haraclens(ic of t n^ <j;(*rnis (WVbster et / / i / ./ ti .i •

i

, .,,_^ ...... ° \ y
i i^i ^i phorhia and uuanlhis. now<'ver, \hvve is no bimt-

al., 1975; Maydeld, 190|).
straj) support for the relationship. Th(^ ndhV anal-

ll

Synadenium/Mona<lenium/faidatleniuni. Al- y^i^ (Fig. 1 I) sugg(\sls a r(dati<»nshi}) with £". data

in a weakly su[)porteH rlad(* (bs 727f) of varioush tluMlougn [UtMr composition differs between the ITS

and /;f///F analyses, a total of six speeies from these Neotropical speeies. At least I)ased on biogeogra-

g<Miera, here relerriMl to as the Synadcniuni alii- [)hy, this association is more plausible. Involucral

ance, wrvr included. They form a well-suf)portcd, apj^eridages have arisen on various occasions witli-

monophylelic group (bs 100% in both analyses, see in Fni>horbiinae, and their i)r«*senee in Pcdilaruhns

I'igs. 10, 11). Huth MSand ndhV also suggest that api)aren(ly represents an independent dci'I\alion of

Monadrtiium is paraj)hylt*tic with Syruidenium and this feature.
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E.gr

E. guerichiana

Fed. tithvnujloide:

E. pcrvilleana

^^
] clade D

] clade C
E. rohusta

C

r{

E. pilosa

... . E. acalyphoides

E. antso _
Calycopephis collinus

Calycopeplus paucifoHus

clade B

clade A

- Neoguillaumima rlcopatra

Anthostetna madugtiscariense

Anthostema sp. no\'.

Anthosterna sene^alefise

Dichostemtna gUmcescens

Sapium sehiferum

Omulanthus populijoiius

Sehastiania cornuta

Slillingia spinulosa

—5 changes

Figure 4. Pli\ Ingram of one of the ef|uall) most parsimonious- trees resulting from the ndliV analysis, showing

branch lengths within Fut^horhifvie. On!) the sp(Hies with the least and most changes are shown for (^aeh ttf llie major

ehules of suhlrilx^ Knphorhiinae. hulividual phylograms of clades A-O are given in Steinmann (2001). H. = Eiiphorlna,

Fed. = Pedihnuluis.

Cuhantluis. Cuhanthus was initially described sumahly on the fact that many .specic^s possess a

as a section of Pcdilanihiis, but as noted by Mills- pseu(loinnI)ellate inflorescence, (iilberl (1987,

t)atigli (1913) and confirmed by Dressier (1957), 1990), for example, preferred to treat it within E.

these two groups do not a{>pear closely related. Al- subg. Esiihi.

though Ciibauthiis was not availal)le for this study. Various species referred to Euph(>rl)i(j subir. Tn

Euphorbid gynuioiiota Urb. and E. punicea Sw. chadenia by Pax, Carter, and Gilbert were includetl

were irududed (clade C, Figs. 9, 11). Like m(Mn})ers in this study: Euphorbia Iricluidenid Pax, E. goetzei

if

ICiibanllius, these two species possess invohicral Pax, E. phifycepliald Pax, E. granlii 01 i v.. and E.

lands that are partially situated on the outside wall omariana M. G. Gilbert. With the exce[>tion of E.

of the involucre in contrast to the rim of the invo- goetzei, wliich falls out in clade 1) as related to E.

lucre, as is geneially the situatl(»n in Euphorbia. pirottoc N. lerrac. (Figs. 12, 14). the members of

nas(^d on this shared feature, an overall similarity subgenus Trichadenia are supported to be closely

in habit, and an allopatric distribution, Cuhanthus related ami belong to clade A (Figs. 5, 6). Il(»\vever,

is i)resimiably cl<»sely related to these taxa and
^j^^^y j^, „(,[ {^y^m a monophyletic group. Instead,

probably would associate with v\\vm in a molecular
^\^^^ belong to a grouj) together with Euphorbia

sects. Dactylanthes (llaw.) A. Rerger, Medusea

(Haw.)

alanalysis.

Euphorbia subg. Trichadenia. Pax (1921) first
Ha ill., Meleuphorbia A. Herger, Tre IS I a

1 a- . ,. (' 17 I I
• \ I

(Haw^) Baill., and Anlhac<wtha (Lem.) A. Berg(M-.
pro|K)sed this taxon as a section ot nupfiofhia, t)ut '^

^ '

i i i i i

•

a decade later he synonymized it with EupJiorbia
These sections, which lack a curri-ul subgencrit

. 7-w / n '

-fU I A A.r.^..k\,.,. .... placement, all contain luberculate-sti^nmuMl South
sect, hthymalus lloeper, without elaborating on * '

ulml, gn,ui. uithM, seclio.i Tillnmalus he believed Afncan suceulents, many of whuh also possess

thai it helo.iged. Carter (1985) resiurected E. seel.
glan(hdar involueral processes. Their various char-

Triiluidenia Pax as a subgenus ami proposed two acterislics are as lollovvs: E. sett. Aiithacanllid

sections: sect. Somalira S. Carl<-r (inflorescences (leaf-reduced stems, the inflorescences axdhu> uilli

umbellate and unbranched, with small deciduous the cyathia borne at the tips of persistent, spmy

bracts) and sec'l. Trichadenia (inflorescences peduncles; representative: E. alrispina N. E. Br.):

branching, with huge persistent bracts). Later she E. sect. Daclylanllws (leaf-rechiced, highly

ed her .section Somalica from Euphorbia branched, short stems, the involueral glands with

subg. Trichadenia and placed it In subgenus Ly- long, hngerlike divisions and cuned lip at the base;

ciopsis (Carter. 1988a). Although E. subg. Trichad- representative: E. glahosa (Haw.) Sims): E. sect.

enia (Pax) S. Carter is now generally accepted, its Treisia (leafy stems and three conspicuous bracts

exact lank and i)lacement are disputed. Rased pre- just below the cyatliium: re[)je.sentali\t': E. clara

remov
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E. sg. Trichadenia

E. naniuskluftensis
E. monteih —E. s. Pseudeuphorbium
E. trichadenia —£. sg. Trichadenia

E. meloformis I

E. ohesa I—E- s. Meleuphorbia
E. tubiglans I

E. atrispina —E. s. Anthacantha
E. clava —E. s. Trcisia

E. luherosa —E. sg. Rhizanthiiun
E. halsamifera ssp. adenensis —£. sg. Esula
E. meuleniana
E. hc'llii

E. caputmedusae I ^ , Mcdusea
t. esciuenia \

E. acalyphoides
E. longituberculosa
E. crotonoidcs
E. antso —E. s. Denisophorbia

E. sg. Eremophyton

FigUH' 5. F^iipliorhiinac AmV^ A, strict consimsus (>r2l()(> trees based un a weighted
of llie I rS rejj;inn. liootslrap values greater llian .lO^f" are slunvn al>ove the l)raiiehes. E. '-

= siil>|;erms, ssp. = 5ul)sp<

inaxiinuiii narsiinoriv analysis
1 WW

~ Euplun'hid, s. = section, sg.

'cies.

Jacfi.); E, sect, Medusca (main sXvm nonnally parti) fruni Ijidia and Sontli Africa. B()issi<T (1862) Irral-

siinkt:n in ihc gronrid and with ft'w U> many sec- (m] atiotlu^r geopliyle, Euphorbia sessilijiora Roxb.
ondary l)ranchrs crowning and radiating from the from liurma (tiot includol licrc), in his E, sect.

apox; r(*|>r(\scntalivcs: E. capui medusae L. arid E, Caulanlhlum Boiss. WHooler (19 13) combined

branched to unbranchcd abovrground stems lliat

esculenta Marloth); E. sect. Meleuphorbia (littlo- these two sections under the name Rhizauthium

atid elevated its rank to snbgenus within Euphor-
are fre<pienl]y sn])glol)ose and with <lislin<t angles; /,/,,. (][\hcv{ (1987) provided a detailed overview of
representatives: E. tubiglans Marloth (^x \{, A. Dyer, the gronp, coneluiling tluit snbgeims Rhizauthium,

i/< as currently circumscribiHl, is a hclcrog<'neous as-
close relalionship belwe^en the sp<M-ies of subgenus seml,lage of many unrelated species. This study
Trichadenia and these taxa is not surprising and

was preihcted by Gilbert (1087), who noted that

lh(^re does not appear to be any important discon- ^^^j c (see Figs. 5, 6, 10, 11)

vindicates his contention, and nuunbers of this tax-

on belong U\ various utn"clated gnmps in clades A

tinuity between tlu^se groups. Also closely allie<I

are E. luherosa T., the type of E. subg. Rhizan-
A immber of species in Euphorbia subg. Rhizau-

thium were included here. Altliough Eupliorbia scs-
thium; E. montciri Hook, f., the type of E. sect. .;/;// ,. , .i i i r n • • ^ r / /-•^' sutJtoffL tlie sole member ol noissiers huphorbia
Pseudeuphorbiui}} (Pax) A. Herger; and E. lignosa

Marloth, the type of E, subg. Lyciopsis (Boiss.) L.

C. Wheeler seel. Liguosae Pax & K. Iloffm.

sect. Caulanthium, was not available for Inclusion,

the laler-described and api)arently closely related

E. pauchganiensis Blatt. & McCami and E. mecnac
Ku()h<»rl)ia sultg. Khi/anthiiun. riiis laxon was S. Carter wt;re rejiresented. Both of these Indian

initially propose4l |)y Boissier (1862) as a secti(»ti gevipliytes an^ nesl(^d within the spine-shield suc-

of Euphorbia to accommodate various gcophytes culenls of E, subg. Euphorbia. Euphorbia luherosa,

71

100

62

89

89

100

87

E^
80

99

Figure 6. FufdiDHiiinae clade A, strict eojiseiisus uf

of the ndhV regii)!!. Hoolstrap values gn-aler than 5(1^

sg. = suhgenns, ssp. = siil)species.

E. trichadenia —E. sg. Trichadenia
E. globosa —E. s. Dactylanthes
E. hamata | c- r • • r

E. lignosa h ^- ^^- ^>'"«^"^ ^- ^^'

E. piatyccphala
E. grantii \

—E. sg. Trichadenia

E. omariana
E. obesa —£. s. Meleuphorbia
E, clava —£. s. Treisia
E. tuberosa —E. sg. Rhizanfhium
E. socotrana

\ ^ r • • r.

E schefflen I
^* ^^- ^y^'^P^^^ s. Somalica

balsam i

matabel
E. crotonoides
E. acalyphoides
E. longituberculosa

E. antso —E. s. Denisophorbia

adenensis —E. sc. Esula
E. sg. Lyciopsis s.Lyciopsis

E. sg. Eremophyton

sl*J,i)12 h<')'s l)ased on a weighted inaxiinnrn parsimony analysis

are sh(»\\n ahu\e die hranehes. E. = Euphorbia, s. = section.



Volume 89, Number 4

2G02

Steinmann & Porter

Phylogenetic Rela-tJonships in Euphorbieae

465

the type of siilt*iriuis Rhizdfttliium, is luA closely lon^ t<» clade A (Fig. 6). Due to problems ohiainiiig

related to the Indian species, but instead is related ITS sequences, ibe^ other speci(»s of this subgcnius

to a grouj) of Soulh African laxa currenlly reeog- were included only in the ndliV analysis. Both E.

nized as E. subg. Trichadcnid (clade A, Figs. 5, 6; lignosa and E. luimata (Haw.) Sweet, mtnnlx^rs of

see discussion above). Des|)ite not truly being geo- subgenus Lyciopsis sect. Liguosae^ are placed in a

{)hytes, E. longihihernilosa Roiss. and E. pirottde well-supi)orted clade (bs 87%) logellier with E. Irl-

were placed here by Pax and Hoffmann (1931). The chadenia and E. globosa. Their relationship here is

first species is not ch)sely rt^lated to any of the not unexpected; Pax and Hoffmann (in Pax, 1921),

above meml)ers, but instead its position is near E. when (irst describing this s(M-|ion, noted thai the

(icdiyphoides Hochst. ex Boiss. in E. subg. Ercino- appendages off", lignosa were similar to those of

j)hyt()n sect. Pseudacidypha Boiss. in clade A (Figs. species in E. seel. Dactylanlhes, of which E. gln-

5, 6), where it v\as placed by Carter (198Ha). The hosa is a member.

second speei(*s also shows no affmities with any of riie (»nly species of Euphorbia subg. Lyciopsis

the above nu^mlx^'s and comes out relat<'d to Eii- sect. Lyciopsis that was includc^d in ibis study is E,

j)horhia gorlzei within clade I) (Figs. 12. II). En- n\al<d)elensis. It conies out as an early div(M*ging

phorbia primidijolia Baker, a Madagasean species m(^mb(T of clade A, sister to E. rrotonoidrs Boiss.

tii'ated in subgenus Rhizantliiuni by Denis (1921) However, this relationship should be viewed with

and in E, subg. Lacanthis by Gilbert (19o7), be- reservation because there is little morj>h(»logical

similarity between these two species and no boot-

slra|» su[iport for this grouping.

The final section. Euphorbia subg. lyno])sis sect.

Sonialica^ was rej>resented in ibis study by two spe-

longs with oth<'r Madaiiataoagascan species curre ntl

placed in subgenus Lacanthis (clade C, Fig. 10).

\

Kiiphorbia subg. Lyciopsis. When (nst de-

scribed as a section (Boissier, 1862), this taxim
^.j^.^^ // schejjleri Pax and E, socotrana Balf. f

contained <»tdy Euphorbia cuncala Vahb a spinels- '|^|^^.^^. j^^.^^ f^,j.^ a well-sup[)orted group (bs 99% in

cent shrub fnun Africa with fasciculate l(^av(^s. The ^,,//^|/ |/j^ 5) in a subelade containing E. balsani-

section was compared with E, sect. Tiruadli IJoiss.

in gland characters but distinguished 1)V die fas-

ciculate leaves and non-succulent stems. Pax and

Hoffmann (lO.'H) expanded sectioti Lyciopsis Boiss.

to include tlire(^ subsections: subsect. Lyciopsis (as reasonable

Eulyciopsis). subsect. Espinosac (Pax & K. Hoilm.)

Pax & K. lloffin., and subsect. Lignosae (Pax <!( K.

Hoffm.) Pax iX K. Hoffm. The latter two wert^ based

ifera Aiton and \arious other Eupliorbia. Euj)horbia

b(dsa mi/era is vegetatively similar to s{)ecies of

subgenus Lyciopsis sect. Somalica, so the sugges-

ti()n that they have arisen from common ancestry is

when (debating this taxon to subgenus. Carter

Fupliorbia subg. Esula. This subgenus larg<'ly

corresponds to Boissier's Euphorbia sect. Tithyma-

on sections prop<»sed a decade earlier (Pax & Hoff- lus. Wheeler (1943), when implementing his system

mann in Pax, 1921). Wheeler (19 1-3) followed Pax's of subgenera, resurrected the af)plieation of E.

circumscription and made changes only '\n rank subg. Esula for this assemblage. Its current use cor-

responds to the circumscriptions of these aulh(us

(1988a) ex[)anded it to include an additional sec- with some subsetiuent modifications. For exam}>Ie,

tion, E. sect. Somalica, a group erected by her U) E. ipccacuanliac P.. the type of Boissier's secll(ui

accommodate about 10 east African species with Tithymalus subsect. Ipccaciianhac Boiss., has Ihm^u

woody semisuccultMU branches, small scarious de- transferred to E. subg. Agaloma, and Tithyinalus

ciduous brads, crenulate or pectinate involucral subsect. Inundatac has been proposed to accom-

glands, and larg<\ often ornamented capsules (Cart- modatc the remaind(;r of the sptnies treated in this

, 1988b); E. sect. Somalica was previouslv placed subsection (Webster, 1967). hi addition, E. sectt. Ti-

ihymalus subsect. Crotonopsidcac Boiss. was re-

Members of all four currently recognized secti(His mo\('d by Radclilh'-Smith (1971) and placed in

of Euphorbia subg. Lyciopsis were in(dude<l in this subgenus Cystidospcrmuw (Prokh.) Frokh. (see dis-

analysis. The results suggest that the subgenus is cussiuu under Euphorbia subg, Erciuophylitn), As

[)olyphyletic, and its eomponent sections represent em[)loyed in (he discussion Iwlow, many of Bois-

four distinct groups. In both molecular analyses. E, sicr's subsections are elevated lo the rank of section

espinosa Pax and E. guerichiana Pax form a well- wlu^n E. sect. Tithymalus is treated as E. subg. Esu-

in E. subg. Trichadcnia (Carter, 1985).

sup[)orted lineage (bs 979f in ITS, 100^ in udhF) la.

in tlu^ early diverging portion of clade D (Figs. 12, Willi as many as 500 s|)ecies, this is [he largest

14), They are far removed from the remainder of subgenus currently nu'ognized wilhiii Euphorbia. It

the sections of subgenus /.\r/o/M/.v, all of which be- pnibably is also the most taxonomically didlcult.
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TIh^ ^tt\il<'sl diversity is in ruulherii Innpcnilc re- promliuMil leaf scars proxinially. Euphorbia hdlsam-

gions. Plants an* mostly j)erennial herbs, but a va- ij^^^n subsp. adcncnsis (see Figs. 5, 6) does not ap-

riely of growth forms exist fntm diminutive animals pear closely related to any (»thei- species of subge-

t<» shrul)s or rarely small trees. The majority of E. nus Esula s(M'1. Halsa/nis sampleil here. Instead, it

subg. h\su!(i |)osse8s alternate h>wer l(^a\es and a belongs to ctade A and based <»n the ITS resuhs

\v(dl-d(n'tdoped pseudoumbellate inflon»s("ence in (Fig. S), it has its affmity with E. mculrninna 0.

which the stem terminates in a whorl of leaves and Schwartz from Yemen, a V(^getatively similar spe-

a lascicle of ihree to many branches with op|)osite cies. Euphorbia pJmuerio'ules Teijs?n. ex Hassk.,

leaves and dicholomous l>rancliing; cyathia are sit- also referred to this group by Boissier, shows no

iiated in the axils of these upp*'r leaves. Th<' in- close relationshij) to E. buLsautifent but instead be-

volucral glands lack ai)pcndages and are often Iron- longs to clade C (Fig. 9). Euphorbia plumcrioidcs is

cate or bicornut(^ ExstipuJate b\iv4's also a member of a group of about eight species occui-

characleiizc this group, but some memluMs cur- ring in Australia, Mah^sia, and Melanesia (F(»ster,

rently [daced here possess sti{)ules, (\g., the spe- 1991). In this analysis, the Hawaiian s|)ecles, E.

cies of subgenus Esula sect. Adrnorinia (Raf.) G. hacJeeh'ana D. H. Herbst, is suggeste*! to Ix^long to

L. Viebsler and section Tilhyrualus sid^secl. Inun- this group. Also related is E. boophthona C. A.

Gardner, an h<'rbaceous plant from Australia pre-( lalae.

About 45 speci<>s o( Euphorbia subg. Esula, from viously treated in subgenus Eremophyton, Both E,

the majority ol Boissier*s subsections, were imdud- balsauiifcra and members of the E, plunwrioides

ed in diis study. Although most of Roissier's sub- group differ from typical members of subgenus ^.vz/-

s(M'tions were sam])led, not enough nuMubers from la by lackitig the characteristic t)seudourtibcllate

inflorescence described above. A I bird group of

species samphnl from subgenus Esula sect. Bal-

samLs, E. deudroides F., E. lougifolia Fam., E, re-

Euphorbia ipcracuanluw, the basis of Boissier's gis-jubae A\'ebb. & Bt*rthel., and E, atropurpurva

section Tilhynialus subsect. Ipccacuauhae, was in- Brouss. ex \^'illd., are demonstrated by the molec-

each were included to nuike any defmitivt^ infer-

ences concerning their" monoj>hyly. Still, a numlxM*

ol conclusions can l)c reached.

dtHHJ su[)ported as being muclated to other m<'m- uh idu" evuieiu:e \0 1)(
. ,-(. lated to ty[iical meiidM'rs of

bers of ihis subsection (currently treated as A", subg. the north temperate group of subgenus Esula dis-

Esula sect. Tilhynialus snbstu-l. Inundalac) as well cussed below (see Figs. 7. 8), although collectively

as unrelate<l to other nu^mbers of subgemis Esida; these do not foim a monophyletic group.

Another group that does not ai)[)ear related to the

remainder of Euphorbia subg. Esula is its section

thus, its removal l)y Webster (1967) is justified. Eu-

phorbia Ipccaciutfdiae belongs with membt^s (»f

ing E. subg. Esuht sect. Adrnorima are usually

subgemis Agahuna in clad<^ D (see Fig. 13). Also Adeuorima. This taxon corresponds to Buissiers

justified is Ra<lcliffe-Smitirs [)laeenient of section section Tilhyiualus subsec:!. Liurifoliac: another

Tithynialus subsecl. Crtitouopsidrae within Euphor- synonym is the genus Euphorbiodcndron Millsp. As
bia subg. Cystidospennuni (see discussion uniler £*. the last name suggests, the ea. 20 species comt»os-

snbg. Eremophyton).

Euj>horbi(t subg. Esula sect. Tithymalus subseu't. ivccs, 'Vhcy oc'cur primarily in troi>ical forests from

Inundalac was represented by three South Ameri- Mt^xico to northern South America and the Caril)-

viiw s[)Vi'\r<>: E. papiUosa \. '>\.A\\\.. E, stenophylla hvixu and possess the pseudoumbellate infion^s-

(Klolzsch iS. Garcke) Boiss., and /:,'. thinophila Phil. cence structure typical of subgenus Esula. it is for

Thes(^ do not dcmonsliiile any close relationship lo this reason that they traditionally liave been j>laced

other members of subgemis /r,s///r/. Inst<\id, the mo- here. A numl)er of species prescnti) refcM-able to

Iccular evidence supports that they are related to subgeims Esula sect. Adenorima were Incluih'd in

E. peperoinioidvs Boiss. of .>ec"tion JSununulariopsis this study: E. punicca Sw., E. reslrijolia IIBK, E,

Boiss. and E. ^crmainii Phil, of scntion Portida- laurifolia Juss., E. data Brandegee, E. tanquahucte

ca.stnuu Boiss, Together these form a nionoph\letic Sesse & Mocino, E. ndycidata HBK. and E. gym-
grouj) in clade C (set Fig. 0). nonota l^rb. (Figs. 9, 11). Tli(\se taxa do not ajipear

Euphorbia subg. Esula sect. lialsamis W<^bb. & closely related lo the core Esula grou}) discussed

BeJthel., a laxou conespontliug to [Joissier's stH-tion below, and die two groups are in separate major

Tithymalus subsect. Parhycladae, is clearly poly- elades of Fui)horl>iinae, clades C and B, respee-

phyletic (Figs. S-9, II). This is not surprising, con- tively. In addition, the s[)<x'ies of subgemis Esida

sect. Adenorima do not form a monoph) letic group,

an^ iheir shrubby hal»it together with l)raiuhcs that but instead ap|>ear to represent an ancestral New
are leafy only t(»wan! die lips but leafless with

sideriiig lliat the ordv features nnitiitjj; its members

World grade fr<»m wlu<"li vari ous other grou])s o fEu-
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72

E. sg. TirucalU

71
97 E. sg. Esula

99

E. mauritanica
E. schimperi
E. usambarica
E, aphylla
E. regis-jubae
E. atropurpurea
E. peplus

E, robust a
E, trichotoma
E. medicaginea
E. megalatlantica

E. dendroides
E, turczanifwwii
E. amygdala ides
E. soongarica
E. esula

E, discolor

E. krausiana
E. calyptrata

E. lathyris
E. myrsinites

E, spathulata

E. alt a
E. acanthothamnus
E. oblongata
E. depauperata
E. pilosa

E. longifolia
E. striata

Fi^urt' 7. Eu|)lioil)iitia(' clatk* B. .strict cotiseiisus of 21()() trees I)aset! uii a wei^lUec! niaxiiuuni parsInioiiN anal\sis

of tlu' ITS region. |]ootstra|i values greater than 50% are shown above the l)raiulies. E. ~ EupJiorlan, sg. = sul)g<'ims.

fi

54
{

100

j)fi(>rl)i(i have evolvtMl. Dressier (19S7) suggested L. and relatives is hased [)riiiKiiil\ on gross ttior-

that this taxon iiK lud(vs the most [iritTiitive meinhers phology; the possession of j)s<ni(l(tiiin]>ellale iiiflo-

o( the genus. Altliough thai assuniptiijn is not reseeiices and the lack of sti])ides supports [Uciv

stronglv suj^porled here, the species do represent phieenient iti suhgenus Fsula. as the molecular

some of the earliest diverging laxa in clade C and data here strongly suggest.

p(»ssess many tiails that appear [)rinntive for the Collectively the laxa mentioned in the previous

genus. paragraph compose clade B and correspond hroadly

In hotli the TPS and tidhF analyses, the remain- to th<^' tempeiate. Northern Hemisphere group of

ing species o[ Knpiinrhia subg. Esuld sampled come Eiiphorhia subg. Esula. The presence of EiipJiorhid

out together (see Figs. 7, 8). This group corresponds in temperate regions is almost entirely the resuU of

tt» the following subsections of BoissierV section 7)'- the radiation of this lineage, and very feu olhei

thytualus: subsect. Decussatae Boiss., subsect. Op- sptu'ies of Euphorbia are found in such areas. Al-

poslt'ijoliae Boiss., subsect. Carutuularrs Boiss., though the great majority of this group are reslrict-

subs(U't. Calarrhari f^oiss., subsect. EsuJae Boiss., ed lo temperate, Northern Hemisphere environ-

atul subsect. Myrsinitrae Boiss. They form a well- ments or liigh-elevation montane tropical regions,

supported, monophvletic assembhige (bs 86% in this is not a stiict characltMlzation. Eapliorhia

U(lhV) only after the inclusion of the thiid group of mauritanica an<l relatives are foimd in arid tropical

species discussed alxnt* in subgenus Esula sect. and subtrojjical regions; E, dendroides, E. longijol-

B(tlsamis and th<' inclusion of £*. schimperi Presl ia, E, regis-juhae, atul E. atropurpurea occin- in

and E, mauritanica L. The latter two species have subtropical veg(4ation on the Canary Islands; and

been |)laced in E, subg. TirucalU, but it should b<; E. trichotoma inhabits beaches in the New World

emphasized that their association with E. lirucalli tropics.
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E. (iphyHd

E. alropurpHrca
E. nu'i^alatlantica

E. rohiisui
E. pep his

E. esula
E. myrsinites
E. acanthothamnus
E. spathulata
E. longifolia

E. pilosa

E. sg. Esula

Kigure 8. Eupliorhiiiiae clade B. striet consensus of I'>.()I2 trees hased on a weighted maxirnnin parsimony analysis

of llie mlhV region. Bootstrap values greater llian 50% ar(* shown above the brandies. E. ~ Euphorbia, sg. = suhgeinis.
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Pedilanthus

Fig. 10
Ped, tehuacanus
Ped. bractcatus
Ped. macrocarpus
Ped. cymhiferus
Ped. calcaratus
Ped. connatus
Ped. tithymaloides

Ped. finkii

E. xylophvlloides
E. tirucaCli

E. arbuscula
E. gre^aria
E. denisii

E. pervilleana
E. tetraptera

E. elata —E. sg. Esula
E. eanophylla
E. thinophila —E. sg. Esula
E. peperomioides —E. s. Nummukiriopsis
E. stenophyUa\ ^ ^^^^^
E. papulosa \

^

E. germainii —E. s. Portulacastrum
E. heterodoxa

E. sg. Tirucalli

Denisophorhia

E. gollmeriana
E. lagunillarum
E. comosa
E. attastoma
E. phosphorea
E. sipolisii

E. pteroneura (3)
E. pteroneura (2)
E. pteroneura ( 1

)

E. hoffinanniana
E. weberbaueri

E. s. Stachydium

E. s. Pteroneurae

E. s. Euphorhiastnim
E. s. Pteroneurae

E. cestrifotia I „ „ ,

EJaurifolia |— ^- sg. EWti

E. sg. Esula

E. lactijlua
E. gymnonota
E. punicea
E. calyculata
E. tanguahuete
E. plumeroides
E. haeleeleana
E. boophthona —E. sg. Eremophyton

Figure 0. Fijj)h(irbiinac clado C (in pari), stiitl lonst'iisus of^lOO trt'cs hast'd on a wiM^hlctl

analysis ol llic I'l-S region. Hoolslrap vahn^s greater llian SO'/r are shown ahov(^ the branches. E.

!\'(lilanlluts. s. = section, sg. = snbgeruis, ssp. = snlis|>(Mics.

niaxnnuni parsnnon)

= Euphorhidj Ped, —

E panchganiensis I_£ Rhizanthiufti
t. meenae I

E. sg. Euphorbia

E. teke
E, drupifera
E. sp.

E. poissonii

E. epiphylloides
E. abdclkuri
E. gottlebei
E. rossii

E. primulifolia
E. perrieri
E, mil a
E. ankarensis
E. niillotii

E. thouarsiana
E. geroidii
E. capmanambatoensis
E. iharanae
E. hedvotoides
E. mahaboboke
E. ell lot a
E. alluaudii —E. s. Deuterocalli
Syn. grantii

Man. elegans
Efui. gossweileri
Man. magnificum
Man. lindenii

E. sg. Lacanthis

™„u

.

Denisophorbia

EndadeniumI
Monadeniufnl

Synadeniwn

E ruMla' H^- '^ '^^""'^«

Fignre 10. Fniihorbiinae clade C (in part), strict consensus of 2100 trees based on a weighted

analysis of the ITS region. Roolsiiap values great*^' than SO^ are shown above the branches. E. '-

E/idadrniiini. Man. MiffHidcmufn. Srn. Syruideiimru. s. section, sg. subgeruis.

rnaxnnttrn parsnnony

= Euphorhia, End, =
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E. meefiae —E. sg. Rhizanthium

E. abdelkuri

E. druplfera
E. poissonii

E. hruneUli
E. rubella
Syn. grantii

Mon. elegans

sg. Euphorbia
[/ I

—£. sg. Lacanthfs

hEndadeniumI
Momuieniuml
Synadeniuinl

"^

E, pedilanthoide s
| ^

E. millii \
^ sg- ^canthis

E. hedyotoides
E, alluaudii —
E. germainii —
E. t hi nophi la —
E. lactijlua

E. calvculata

E. tanguahuete

E. s. Denisophorbia
E. s. Deuterocalli

E. s. Portulacastnun

E. sg. Esula

E. sg. Esula

r^tz^
E. punicea
E. pteroneura (

I
) —£. s. Pieroneurae

E. hoffnianniatia —E. s. Euphorbiastrum

E. weherbaueri —E. s. Pteroneurae
E. cestrifolia —

E. sg. Esula

E. elata —E. sg. Esula
E. lagunillarum I ^ ^ stachvdium
t. comosa I

E. phosphorea
E. naeleelearia

E, boophthona
E. pervilleana

E, xylophylloides

E. s. Pteroneurae

E. sg. Eremophyton
E. s. Denisophorbia

E. s. Tirucalli

1^ i^iirt' 11. Eupliorliiitiae cladc C, strict

anal}si.s of ihr ndliV region. Bootstrajj values

= Kndddcnium. Mon. = Monadenium. Prd. '

eunseii^us of 19,012 trees l)ase(l on a weighted maxiinuni |)arsIniony

shown ahove the branches. K. = Etiphorhid, End.greater than .'^()9f are

= Pedddutlius. Svn. = Srnddrninm. s. section, sg. SLil>geiius,

At least froii) lh(* liniited satii{)le examined ill tins site, asyiniiu^liieal leaves and elongate, glandular

study, the priniai) division within the reslrieted eii- slipnh'S, d1ies(^ fealnres logetlier with axillary, 4-

(innseri|)tion oi Eiipliorbia subg. Esula, discussed glanded involucres are reminiscent of C7ir;/nf/c.s}a%

in the previous two paragraphs, is between those lo which Wheeler (1943) believed that this section

sp(H'ies that poss(^ss lubereulate ovaries and those belonged. Welister (1907) not(Ml that E. peperow-

'u)i(les bordered Chaniaesyve. In this analysis. E. pe-

pcromioidrs shows no afhnily with (IJuiwdesyre, It

crease in sampling. If so, this would have important is instead related to E. stenophylla, a South Amer-

taxonomic implications beeause many of Boissiers ican member of subgenus Esula seel. TuId/uuIus

subsections contain both tu!)crculate- and smooth- subsect. hiuudutac (Fig. 9). Although in habit E.

species whose ovaries are smooth. Tt remains to be

seen whether ihis distinction will withstand an in-

ovaried speeies. prperomioulcs and E. paraneiisis (hffer greatl) from

miae

It is worth emphasizing that th<' occurrence of a other members of this subsection, a close rclation-

pseudoumbellate itidorescenee in all of the major ship is sugg<^stcd by the common possession (»f su-

lineages of Euj)h(>rhi(i suggests this is a symple- bulate. sepal-Hke lol)es below tlie pistillal(^ flowers,

siomorphic feature that was present before the dif- a feature olherwise very rare in subtribe Kii[)hor-

ferenliation of sublribt* Kuphorbiinae. The structure bi

bt*ars some resemblance to the inflorescence o(

Neoguillduminid and may be homologous. There-

fore, the possession of this lyi)e of inflorescence

should not be viewed as the defining characteristic

of E. subg. Esula. Instead, it is the combination of

a pseu( lum})ellate inflorescence together with ex-

sti[)ulate leaves that better characterizes the core

subgenus Esula grouj), as represented by clade B.

Euphorbia secL Portulacaslrum. Two species,

Euphorbia grrrudlnii and E, pcntlandii Boiss. (the

latter not included), are conlaiiuMl in this si'clion.

Both are South American aiuuials with clcfl iiivo-

lucral appendages. Based on th(^ presence of tlu^se

involucral ai)pendages, section Pariulacaslruui has

been plac(Ml in E. subg. Agalama, e.g., Wheeler

(1943). However, according to the molecular data.

Euphorbia sect. Nummulariopsis. Euphorbia at least E, grruiaiuii does not fall out as relaltd lo

peperomioides and the very similar E. parancnsis th e core \galon)a group, lusti-ad, it nests within

Dusen (the latl(M' not includi'd) are the only two South American members of subgenus Esula sect.

s[)(X"ies belonging lo E. sect, ^^ummuh^riopsis. B(ttli Tithymalus subsect. Inundahu' in clade C (Fig. 9).

are prostrate Brazilian perennial luubs with oi)po- This placemetit is anomalous, and E. gerwaluii am]
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F. prnthindii arc inorplioloj^ically incongruous gesled inflorescences, and glandnhu- stipules. The

[\wiv hecause llicy possess well-developed involn- second f!;roup corresponds lo speri<*s suc'h as E,

cral ap[»endages and lack the characteristic sepal- wauritdnlcd and is characlcHzed l»y leafy hracis,

like lol)es below the pistillate flowers of the sub- pseudounjbellate infloresc(Mices, and a lack of stip-

seclion Imtndatac,

l\uj)lHH"bia sect. Dt^nisophorbia. This is a small

roup o( approxiniati^ly 20 spetMcs of leafy trees and

shrul)s. tnosll) conHned lo iV1a<lagascar. Tl was first

proposed as a subsecllon of Euphorbia sect. En-
, i i r i

• i- 7 » •

, ,. , ,
, . /w.r-\ r^ • /ir^T.-*\ I I

have resint<'d Ironi converi^ent evolution. rw//i//(>/7>/a
pliorbia h\ Leandii (195^. Croi/al (1972) elevated „. , ,

. , , . n

uh*s.

Various members of Euphorbia sub*:;. Tirucalli

were included in this analysis, and the two groups

recogniziMl by Carter do not appear close!) itdattMl.

Instead, their similarities in growth form appear to

the group to the rank of seclion. As mentioned by

Leandri (1957), section DenisopJiorbia is difficult to

(h^linc. Tlu^ leaves are entire and alternate to spi-

rally arranged. 1 he cyadiia are ndatively large% lack

ap[)endages, and are s(»lilary or in terminal pseu-

doU!nb**llate inflorescences. Se\('n speci<*s belong-

ing lo lliis group w(M'<* inclndiMJ here: Eiijiliorbia

antso Denis, E, (Irnisii Oudejans. E. rlliotii Leati-

dri, E. hedyotoidcs N. K. Br., E. fuahabobokensis

Kaulu E. pcrvilleaiia Baill., and E. tctraptcra Haki-r.

These species <lo nol form a monophylelic clad(*

but insteail come t)Ul as re[>resenting three separate

groups. Euphorbia antso is die earliest diverging

species in clad<' A (Figs. 5, 6) and shows no affinity

widi the other species of E, sect. Dcnisopliorbia

sampled here, all of which Ixdong to clade C (Figs.

9-11). Euphorbia dcuisii, E. pcrrillcana, and E, te-

Iraptera form a monophyltHic groiip thai is sister lo

E. tirucalli and relatives, currently treated in sub-

firucaUi and relatives (represented here by E. ar-

huscula T]alf. f., E. gregaria Marlolh, and E. xylo-

phyUoidcs Brongn. ex Lem.) com<* out in clade C
as sister to a group of leafy shrubs from Madagascar

thai are currenlly tr(*at<'d in seclion Detiisopliorbia

(Figs. 10, 1 1). The remainder ol the species of sub-

genus Tirucalli (represented here by E. niauritanica

and E, schimpcri) are found nested within the north-

temperate grouj) of subgenus Esula in clad(^ H (Fig.

7). The leafy bracts, pseudumbellate inflorescenc-

es, and lack of sti[)ulcs of these laller [danls sub-

stanliatt* this pla<*<Mnent.

Euphorbia lactijlua Phil, ex Boiss., a shrub from

the d(^S(Mts of Chili" and the ot»ly New World spe-

cies reftMicd to this group (Boissier, 1862), is nol

related to any other species of the subg<Mius (Figs.

9, 1 I). In fact, its initial placetnent by Boissier is

in itself very peculiar because this species is a

leafy, scarcely succulent shrub. Euphorbia lactijlua

rr- // M . I 1 1 . J , .1 i^ taxonomically isolated and shows no close rela-
getms hrucatli. INol closely related to tins group .,. ., , . ri-fi-T
are E, clliotii, E. hcdytfoidcs, and E. ffuihabobok-

etisis. Tiiese form a montiphyletic clade sister to E.

subg. Jjicaiithis proper.

lionship with any olher species of Euphorbia. In

this analysis, its affiniti(*s are nol dettM*min(Ml willi

precision, but belongs to elade C, in a group of

/,'/; * M • / / I .
various Neotropical Euphorbia.

huphorbia sect. Ucnisopnorbia was proposed to * ^

be the mosi primitive group in Euphorbia (T^ebsU-r
Euphorbia secL Euphorbiastrum. This taxon

et al., 19o2). In [>arl, ihis may b(* correct because r * i i i i^i i i in \

r, M I
• . , ... . .

^'^'^^^ li'"=^t erected as a genus I)y Klolzsen and Garcke
Euphorbia antso is tlu* earliest diveriilntij s|)ecles of norn\ . i . .i r i'

- , r . .
(Io()()) to accommcHtate tlicn* new sp*-eH*s, huphor-

clade A and possesst\s many of ihe primitive fea- i , i /y • i^i , i o /^ i n •

, , ., ^
.•;

. , ,
biastrum hojjmannuina Klolzsch Ov Vrarcke. liois-

lurcs for the* sublribc (s(m» discussion below under

origin and biogeography of Euphorbieae). Also,

with regard lo ITS and lulhF molecidar evolulion

this species possesses th(^ least amount of genetic

divergence In relalion to the outgrouj) laxa (see

Figs. ;i, 4).

sier (1862) ihcn reduced Euphorbiastrum Klot/seh

S^ Carcke to a s(H'tion of Euphorbia, Its most dis-

tinclivc feature is that the involucres are solitary in

the leaf axils and subltMuled by a condensed spiral

of small, imbricate bracts. In this analysis, Eu-

pliorbia hofjtuanniana (Klolzsch *!( Garckt*) Boiss.

Euphorbia sid>g. Tirucalli. Tlie section Tirucal- occurs in clade C whtn-e it is relattnl to E, uvbcr-

li Boiss. was pro[»osed in Euphorbia to accommo- haucri Mansf. and E, ptcro/ieura A. Berger in a

dale ari<l-a<laplcd shrubs with long, slender, semi- well-snpp<»rled group (bs 91% in ITS, 98% in

succident branches (Boissier, 1862). The leaves are udhF) together with E. cestrifolia (Figs. 9, 11). Ac-

reduced and llu! stem is green and i)hotosynth<'lic. cording to ihe ITS evidence (Fig. 9), E. laurijolia

Tile seclion was elevated lo subg(Mms by Carter is the basal mtMulxM" of this assemblage, but there

(1985). and she later noted that it conlaius two is no bootstrap supp<>rt for its placement.

well-dcfiiHMl groups (Carlcr, 1992a). The firsi group Members of ihis group are morphologically quite

corresponds to E. tirucalli and relatives and is different. Euphorbia cestrifolia and £". hojfnianni-

charactciizcd b\ small >carious bracts, lightly con- ana an- leafv shrubs; E. wrberbaurri is a leaf-re-
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(luced. sU'in-sucruk'iit sliruh; and E. pteroiwura is steni-succulenls from easlcrn Brazil. Beyond ils as-

a leafy, drought-deciduous herl)aceous succulent. sociation with tlie E. phosphorea complex, the r(*-

Dcspile their f^ross differences in habit, st)mc fea- lationship of section Stachydinm to other members

tures suggest relationships among these plants. For of the genus is obscure, although the ndhV n^suhs

one. both E, cestrifolia and E. webcrbaiicri possess suggest that it belongs to a weakly supported clade

complex, well-developed glandidar stii)ules. As of various Neotropical taxa, including Pedilanthns

well, in all taxa the cyathia are closely sid)t<'nded and subgenus EsitUi seel. Adenorima.

and sometimes enclosed in a pair of bracts, the

Euphorbia siihg. Euphorbia. Following the

most recent modifications in Euphorbia classifica-

tion (Gilbert, 19o7; Carter, 1988a). the subgetnis

styles are entire or emarginate, and the steeds are

similar in size and shape and possess a minute car-

uncle. The involucres o[ E. neberbdueri and E. pter-

(>/(Cum possess four glands while those of a:, ms/n- Euphorbia is restricted to about 250 Old World

folia and E hoffmanniana possess five glands. ^'^'^ succulents in which the base of each leaf is

Eupliorbia ptcroneura was the basis for E. sort. SLUTOunded by a callous pad, termed a spine-shield.

P/emnc//;7/e A. Berger (1906). Other taxa have been '^t^aring a pair of spiny outgrowths and stipules

modified into spines. It corresponds to llawortlTs

(1812) and Klotzsch and Carckes (1859, 1800) re-

stricted gi'iuis Euphorbia. Roissier treated these

s|)ecies together with E. milii Des Moul. (= E.

placed in this section, e.g., E. sipoUsii and E. pIuKs-

phorra, but a close relationship between thest^ and

E. ptcrofK'ura is not supported here (Figs. 9. 11).

Given the close alllnity of £". hoffmanniana and E.

pteronnua, section Pteroneurae is best reduced to V^/^''^'/^'^^^
B<>j- ^^ Hook.) under his E. sect. Dia-

synonymy under /:'. ^ect Euphorbiastrum. ranthium Boiss. Although BenthamV (1880) and

Pax and Hoffmann's (1931) classifications recog-

Euphorbia srcf. Stachydinm. This s<'ction is nized section Diacanthiuni in the same sense as

characleiized b) a congested, primarily monocha- B(jissier, it was reduced to a su!;)section of section

sial indorescence on which the pairs of bracts are Euphorbiuni Boiss., a taxon these authors used to

closely imbiicate and fi)ld over to obscure tlu^ in- accommodate essentially all of the succulent Eu-

^t 1

.

volucres within. There are about five sfu'cies in phorbia spet:ies. Wheeler (1913) followed Ben

South America and one species, Euphorbia phyl- iham's and Pax and I loffinanns circumscription but

lodada Boiss., in Namibia. Boissier (1862). who under the misa|)t)lied name E. subg. Tilhyinalus:,

first described E. sect. Stachydinm B(»iss., recog-

nlz<'d two subsections: subsect. Anicricanac Boiss.

the name TithymaJus lias otherwise usuall) been

a])plied to the north tiMuperate members off", subg.

(for the Anu'rican species) and subsect. Capensis Esula. \^ebster (1967) essentially followed Whecl-

Boiss. (fi)r E. phyUoclada), Five species wwv in- erV classification but cornu-tly applied the name E.

eluded here: E, comosa Veil., E. ^olhncriana subg. Euphorbia to this assemblage.

Klotzsch ex Boiss., E. heterodoxa Midi. Arg.. E. In both the ndhF and ITS analyses. Eujdiorbia

lagunillarufu Groizat, and E. phyUoclada. In this subg. Euphorl)ia belongs to a well-sup[H)itcd clade

analysis, the two sid)seetions are jilaced in diffi'rent (bs 78% in ITS, 100% in ndhV) together with sub-

genus Lacanlhis and the Synadenium alliancemajor clades of F^uphorbiinae (clades C and I), re-

spectively), and a close relationship between thetn (Figs. 10, 11). Within this eladc, all of subgenus

is not sup|)orted. The similarity between the two Eupliorbia sampled form a monophyletic group, but

subsecli<»ns is due mostly to the unusual architec- only after the inclusion of a few additional taxa.

tme of the inflorescence, F*ax (1921) trratrd Eu- CTr/fVY)/?r>r/>/V/, an African group of four species with

phorbia phyUoclada as a member of A', sect. Pseu- drupaceous fruits, has l)ecn recognized as a genus

dacahpha, based presumabl ) *> n tl le axillarv bv some (e.g., Carlt^r, 1988a) and a section bv odi-

cyathia, but there is no affinity between this species ers (e.g., Webster, 1967). It was represented in this

and (»ther members oi Pseudacalypha either. '/'

Based on the possession of involucral a[»pend- (bs 100% in b<»th analyses) to be nested within sub-

ages. Euphorbia sect. Slachydium has been sug- genus Euphorbia (Figs. 10, 11). In adtlition, PL

gested to belong to subgenus AgaJoiua (Wbetder, panchganiensis and E. mcenae are also strongly

1943). Howt'ver, only E, phyUoclada occurs within supported (bs 100% in ffS) to be nested within

this group (see discussion under subg. Ag(douia). subgenus Eupfiorbia (Figs. 10, 11). Both ol these

The South American species are memlu^'s of clatle species are dwarf geophytes from India that are

C (Figs. 9, 11) and fiinn a well-supported grouj) (bs \ery different in appeaiaru-e from the ly[)ical mcm-

93% in ITS, 100% in ndhV) that is sister to the E. bers of the subgenus. At least in the mature pliase,

/>/(as7///o/vv/ corn|)lex. a small assemblage of h^afiess. tliey lack the characteristic spine-shield slructurc.
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eiU lineages williiii this siilulade. Tlic Madagascari

Euphorhid jtdnchganicnsis is appareiilly closely al- geroldu Haiih, E. cajtrndnanibaloensis Kauli, and E,

Hed lo /^./f/.s7yf>r////.v llainillon (^\ I). Don, which was iharanae Hanli. From tropical Kasl Africa, E. ru-

placed by Boissit^r In E. sect. Rliizdiilhiiuti (— E. bella Pax and E. hrunellii (Ihoiv. ex Chiarngi were

suhg. Rliizanthiurn sensn \\'li<*<der, 194,*?). Rased on represented. All taxa belong to clade C in a snb-

alniost identical capsules and seeds, Gilbert (1987) clade containing subgenus Euphorhid and the i»j//-

firsl suggested that /r.y//N//i>;7///.\ rniglii have evoKcd ddrnium alliance (Figs. 10, 11). Tlu" tropical east

from Asian members of subgeiuis Euphorbia. The African and the Madagascan laxa belong to (HfftT-

nuilecidar i^vidence sup[»orts his suspicions. The

reduction to geoj>hytic herbs has been documcMiled memlxM's of subgenus /jicanthis are supported as a

in at least one African lineage of subgenus Eu- mono[)hv]etic assemblage belonging to a clade also

plu*rbia (Carter, 1994), and it appears that the In-

dian geophytes re[)resent a parallel derivation of the group. Euphorbia alluaudii Drake, a Madagas-

this growth form from spiny shrubs. The Indian geo- can endemic very similar in habit to E. iirucalli but

phytic species should Ix' (»xamin(Ml at early onto- treated by Croizal (1972) in his ^'. seel. /A'/z/c/or^////

genellc stages to dett*rmine if indeed spine-shields Croizat, represents the earliest diverging species

within the group. Another group not previously as-

Cait^'r (1991) recognized Iwo sections and many soeiated with subgenus Lacanthis is the E. hedya-

subseitions in lu'r classiiication of /^//y)/;f*r/>/Vi subg. toidrs complex of E. sect. Denisopharbia, In this

Eupliorbia, but not enough taxa were included in analysis, the complex forms the sister clade to sub-

tins study lo test the validity of tht^se groups.

containing sjHM'ies not previously associat»Ml with

an' present ni me s<MMUuigs.

genus Lacanlhis proper.

It is suggest(vj tliat the origin oi Euphorbia subg.
Euphorbia subfr. raeanlhis. Laranthis Haf. L,,ranthLS. sensu Gilbert. Is separate from thai i»f

(RafirH's<jue, 18.*?7) originally contained only Iji- sul)g<'ruis Euphorbia and spinescence and succu-
canihis sph'udcns Kaf. (= Euphorbia milii). The j^.^^.^. 5,^ j|^^.^^. (^^.^, ^^^^^^^ ]^.^^^ resulted from in-
nanii^ slipped into obscurity until Cilbert (19»7) ,Wndenl derivations.

n^surrected it at the rank of subgenus, applying it

lo a group of species from Madagascar previously

treated together with the spine-shield taxa of E,

Euphorbia sect, Arthntthammis. Klotzsch and

Garcke (1860) first proposed this grouj) as a genus

iro-

subg. Euphorbia, sensu siricto. discussed above. ^'^ accommodate Euphorbia tirucalli and seven spe-

Gilbert also inchid<-d widun subgenus Lacanthis cies from ihc Cape Region of South Africa. Boissier

(Haf.) Gilbert llu^ species of E. seel. Gonioslcma (1^^*^^^) '^^^^'^' *'"*'^'l^'^ ^' ^^^ Euphorbia sect. Art!

Baill. ex Roiss. and die Madagascan members of E.
//'^'"'''">- H(' Removed E, tirucalli but expanded the

subg. Rhizanthium. As discussed in detail (Cill)crt,
&'''^^\' ^'' i"^'!^^'^' »^^<> species from the West Indies.

1987), there art^ numerous differences dial suggest ^^''^ ^^^*'^^'' *^** '''''''' ^'•^^*'^^*' ^^'*'^'" '''"^ ^- ^^^t- ^^'-

thesi' species should Ik- treated separately from the
throthamnus subsect. Amcricanae Boiss., while the

narrowly defmi'd subg<Mms Euphorbia, For exam- i^"';»i"J*^'^ ^f ll»e Old World taxa were placed in

section Arthrothaniuus subsect. Capenses l?oiss.

As discussed further under Euplutrbia subg.

pie, in sul)genus Ijicanthis [\\v infl(»reseences are

much brancheil (vs. little l)ran<-hcd), the bracts are

well develop<'d (vs. greatly reduced), and the se<>ds ^fi-^'^'^'"^'-
<'^<' »vvo subsections of 4/-////7>//k///^////.s do

are oblong-cylindrical (vs. ovoid to subglobose).
not appear closedy related, and this section should

be restricted lo about 20 species in South Africa
Addilionallv. in subgemis Eupliorbia the spnies are

Unnr on n Hiff.Mvi.lialr.l sj.inr-shield and tlu- slip-
^"'^ Namibia. TUrsv are .lioerious. .li(l,<,t..m,msly

branching shrubs with |)hotosynthetic, articulate
ules art* represented by prickles just above the leaf,

] .., V . I r ./ •

ii * n branches and small, onnosite leaves. Two species
l)Ut i\\ sul>g<'nus Lacantfus the sjinies are actually ,

*' ^

.1 ,1 1 • u* 1 1 I » i> •
1

<>f lh(* frroup were included luMe, E. iuttae Dinter
tiie sti[)ules and a spine-shu'ld is ar)sent. uesules ... -> J

,1 M I
• r\\ ,1 -III* iind E. rhoiubilolia Roiss., aiid the close relation-

llie iVIadagascan spi'cies, (nlhert also nicluded in
. .

1 / w * f 1 . r . • I
ship of both oi these is well supported (bs 100%

sut^germs lAicantlus a lew g(H)ptiyt(^s Irorn tropu'al .
^

. ,,

, 4 1- ,1 , 1 ? • n • -1
.

hi both analyses, see Figs. 12, 14). They belong to
east Atriea tlial are morplu)iogu-all\ \ei\ similar lo

^ ...
r .1 c \!\ \

•
• clade I) and represent an early diverging lineagesome ol lliose Irom iVladagascar.

,

'

. .All r • r r- ? ; 1
*>f diis clad(\ Furllu^r relationships (

broad array 01 sjx^cu's Irom huphorhia subg.
. .1 r^ / 1 • 1

hic(t/ithis were sampled. Th<tse fr<»m Madagascar

included E, milii, E. pcdilanthoidcs Denis, E. got- Euphorbia ^/^/v^^ Eremophylon. This group was

llebci Rauh, E. rossii Ranh & Ruchloli, E, prima- first erected by Boissier (1862) as a section i}{ Eu~

lifolia, E, thouarsiaua Baill., E. pcrricri r)rak(% E. phorbia lo include Euphorbia crcmophila A. Cunn.,

anh(irrnsis liuhcdvi. E. millolii Vrsch & \.ea\u\v'\. E. E. agoucnsis Hochst. ex Boiss.. and E. gucinzii

) f the<lese species

to t)ther Euphorbia are unclear.
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Fig. 13

E. pentadoi tyla
E. homxorhizci
E. heterophyUii
E. zonftspertna
E. puUherritruj
E. hifurcata

E. sg. Poinsettia

. exstipulata |_^- ^g Agaloma

E. bilohata
E. chersonesa
E. pumicola
E. radians
E. strigosa

s. Zygophyllidium

E. sg. Poinsettia

E. eriantha I £ gg Agaloma

E. ialiscensis I
S- Zygophylliduja

Cham, degeneri
Cham, hypericifolia
Cham, pra.strata
Cfiam. articutata
Cham, carunculata
Cham. paly<nemaide\
Cham, angusta
Cham, acuta
E. crossadenia
£]. sessilifplia i1)

indium

Chamaesyce

E. sg. Agaloma
s. CrossadenidI

Ephedropeplus

E. sessilijhlia
E. sarcodes
E. f^ymnoclada
E. appariciatia
E. sp. nov. I

/t
.

eremapfiila j_ £- Eremophyton
h. lannensis \

^ * -^

E. gtandtdli^era
E. phylloclada —E. s. Stachydium
E. rhamhifolia I „ a , t

E. juttac \~ ^- s. Artnrothamnus
E. guerichiana

|
E. sg. Lyciopsis

E. espinosa I g. Espinosae

E. platyclada
E. f^oeizei —E. sg. Trichadenia
E. pirottae —E. sg. Eremophyton

Figure 12. Fii|)lu)iljiiiiac tladt' I) (in pail), strict lun.se^.su.'^ of 2160 tives bastul ow a wci^litt-d niaxinuini parsiniunv

anaKsis of the ITS region. IJoolstraj) \aluf's greater tlian 5()9f are shown alio\e the branches. E. = luiphorhid, CIkuu,

= ('Juim(H'svrf\ s. = section, sg. suhgcnns.
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nicalf?r
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E. lagunensis
E. aff. ariensis
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E.
E
E
E
E.

E.
E.
E.
E.
E
E.
E.
E
E.
E.
E.

E. sg. Agaloma
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E. s. Arthrothamnus

E. sg. Agaloma
s. Cyttarospermwnl
Dich ilium
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Figure 13. Euphorhiinac clatle D (in [>art), strict consensus of 2160 trees hasetl on a weighted niaxiniuni par-

simony anal} sis of the ITS region. Bootstrap vakies greater tlian 509f are shown above tlie brandies. E. = Euphorbia,

s. section, s<r. 1suDiienus.
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E. sphaerorhizxi

E. oerstediana
E. strii^^)sa
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E. exstipulata
E. hdohata
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E. cn'antha
E. jalis'ccnsis

Cham, articulata
Cham, acuta
E. appctr'uiana
E. ^hmdulii^cra

E. sg. A^aloma
s. AU'cloroclouum/

Cxttarospcrmitni/

Dichilutm/

Tithyinalopsis/

Tiicho.slerii^nia

E. Sii. Poinsvtiia

E. sg, A^alonm
s. Zy^ophyilidiwy^

I

—

CJunuacsxce

E. sg. Agal < una

s. Ephcdvopvphis

E. s. SlachydiionE. ph\ll()clada

E. goetzei —E. sg. Tricluulcnia
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E. pctiolata —
E. fa/tficusis

E. platyciada
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^ '

E. guerichiana I /:. sg. Lwiopsis
\ s. A.v/'E.. espinosa

E. rhomhijnlia

E. juttae h '
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Figiiiv 14. EupliorljiiiKir cladr D, sliicl c(tnsensus of 19.012 trees based on a weighted iiiaxiiiuirn parsimony

analysis of llie ndhV region. Hootslra|> valnes greater llian 5()9f are shown al)ove the Lranehcs. E, —Euphorbia, Cham.

(jhamat'sycc.

Boiss. It was ()ri<;irially circuniscribtMl to (t)iitain Boissier's E. sect. Tithywalus siihsecl. Crotouopsi-

lierhs or subslirLd)s with allcrnale lower and oppo- dene.

site iipi)(M' sttMU ]eav<^s; j^landular or subidale slip- Two species of Enphorhia siif)g. Cystidospennum

ules; axillary or tenniiial, solitary invohicn^s witli (seiisu Radcliffe-Sniith, 1974) were inckulcd in this

four lo five glands bu'king ap{)<Midages; and carun- study: E, cheirolepis and E, petiohila Banks & Sol.

culate lo ecarunculate seeds. Cart(M- (1985) enipha- Various species of subgenus Ercmophyton proper

sized also petlolate leaves and exserted ca[)sules as were also included: E, hooplithoiia, E. piroltae, E.

charact(^ristics of subgcnnis Eremophyton. As these agnnensis, E. scatorhiza S. Carter, E, cheirolepis, E.

traits suggest, there is no single synaponior[)hy that ere/nophila, E. ta/nicnsis Spreng., E, polyanlha Pax,

unites this group, and all of the features used t(^ E. crolouoides, E, longltuhercidosd, and £*. aady-

phoides. In the analyses these taxa do not group

condiiuations in other taxa of Euphorbia. \\\ 1880, together and are widely scattered throughout the

Bentluun synonyiniztMl lioissierV A', ^ect^. Bongium subtribe Euphorbiinae (Figs. 5, 6, 9, 11, 12, 14-).

Boiss., Cheirolcpidiiun Boiss., and Pseudacalypha Therefore, subgenus AVcv/io/^/jyfo/i, as currentl) ree-

luider his expanded section Eremopltyton^ and this ognized, is highly polyphyletic.

dtdiiu^ate the subgenus can be found in various

system was followed by Wheeler (1943) when he The three species of Euphorbia subg. Eremophy-

elevali'd the section to subgeiuis. Euphorbia sect. ion sect. Pseudacalypha included in this study {E,

Cheirolepidinni was removed by Prokhanov (1933) acalyphoides, E, crotonoides, and E. longitubercu-

and h»rm<'d the basis of his genus Cystidopermum losa) all grouped as closely related members of

Prokli. Cystidospermum was later reihiced to a sub- clade A. How'cver, they did not form a strictly

gemis of Euphorbia (Prokhanov, 1949), and Rad- mono[)hyletic group but instead a grade of taxa

(difh^-Smith (1974) agnM'<l thai subgenus Cystidos- (Figs. 5, 6). Interestingly, E. mat(d)eh'nsis (a mem-

permuni was sufficiently distinct from the her of subg. Lyciopsis sect. Lyciopsis) also occurred

remaiuilcr of E, subg. Ercmophyton to warrant its together with llie species of subgemis Eremojdiyton

st^[)aratc recognition. He adililionally referred to It sect. Pseudacalypha as sister to Euphorbia croto-
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Jioules ill the ndliV analysis, allhouj^li llierc Is no on anollier one of Rafinestjues genera, Agdloiua

hoolstrap support for this relationship and iIk^ two Kaf, It ^vas first erected (Rafiru^sque, 1838) to ac-

are iiiorpliologic-aily very different. coniniodate Euphorbia coroUula L. and two related

other !neMil)ers of modern suhgenus Agdlonxi were

One of the more unusual results of this study is species. Interestingly, Rafmesque also [)ul)lished

llic placement of Eupliorbia hodphthona, an Aus- six other genera that corresponti to the current cir-

tralian member of subgenus Eremophyton. in a cumseription of this subgenus [Aklcnid Raf.. Lcpa-

strongly supported clade (bs 94% in ITS) together dena Kal., Peccana Raf., PcUilonui Rah, \idl(iris

with E. plumerioldes and E. haeleeleana, two ar- Rah, and Zalitea Raf.). Euphorhia subg. Agalofna

bon^seent Pacific Island taxa presently treated in was fust treated at this rank by House (1^)21). At

subgenus Esida sect. Balsamis. In most res|)ects, that time it only acconunodated E. coroUala L., and

E. hoophthonn closely resembles other Australian

mem!)ers of subgenus Ercriiophylon, e.g., E. Uin- placed in subgeiuis Lc/Mr/c/ia (Raf.) House. Wlu^el-

nensis and E. eremopliUd, and these Australian taxa er (19'h'l) was the first to a<l(»pt subg^^mis Ag(d()Hi(i

in its current circumscription, a concept corre-

(Hassall, 1977). It is worth noting that aecojiling to sponding to E. sect. Adenopetidiuii Boiss., sensu

Hassall (1977), E. hooplilhona difh^-s from these Bentham (1880) and Pax and Hoffmann (19H1 j.

two spec-ies as well as the other Australian mem- The group is broadly defined to contain New Worh

members of Euplu»rbiinae with petaloid involueral

ap[)endag(*s but excludes species of Chamacs^yce

and Eeddanlhus, Beside the {»resence of ijivolueral

have been thought to represent a natural group

bers o( the subgenus in being an octoploid (n —

28), but no t<^traploid lias yet been found in this

subgeruis.

Radelifh^-SmithV (1974) decision to unite Bois- appendag(\s, little else unites all meml)ers of the

sier's Euphorhid sect. TuJiymdhui subsecl. (Jrolon- group. Trees, shrubs, perennial herbs, geophytes,

opsidi'de (represented here by E. petiolatd) with anmials, and stem-succulents are re[)resented. The

subgf^nus Cystidosprrnmiu (represented here by E. subgenus comprises about ISO sj)ecies and is cou-

cheirolepis) was sup|><»rtcd, and the two species are sidered laxonomically dilfieuh (Johnston, 1975;

sist(M- to each other (bs 92% in ITS, see Fig. 12) in Buck & Hu(t, 1977). In addition, it has frcfjuenlly

this analysis. Tlu^y belong to a clade also contain- been suspected of being })araphyletic, with both

ing Uvo members o( E. subg. Eremopliyloi} proper, Chaniaesyce and K. subg. PolnseUld nested withiti

E. Uinncnsis and E, ercniophda. Thus, subgenus it.

Cysfidospernuini probably is best treated as a syn- Euphorbia subg. Agaloma was the best-sampled

onym of subgeiuis Ercmophyton. The Madagascan group in this study. Fifty-six species from all of its

endemic E. phdyclddd Rauh, whose relationship recogni/.tnl sections were inehided. \^'ilh the excep-

witli other Euphorhid w^as previously utiknown tion of two of these sections. Euphort>iu sects.

(l{auh, 1998), also groups with these taxa in the Stdchydium and Portulacastrum (discussed previ-

juUiV analysis, but this n^lationship is n(»t \svW sup- ously), all s[)ecies of subgcMius Agdloina belong to

ported (Fig. 14). In the ITS analysis (Fig. 12), E. clade D and form a single siibclade (Figs. 12-11).

plafyclddd comes out with E. scatorhiza and E. Indeed, previous suspicions were supported, and

polyautlia. As suggested by Carter (19921)). these both (7/u/mae,me and £. subg. /^>//;.sc//ia are slutwn

latter two species are sister taxa in so far as this

sai7iple is concerned.

to have evolved from within subgenus Agidojua,

Tlun'cfon*, a monophjletic su\)^^v\\us Agidonia must

iMany species of Euphorbia subg. Eremophyton ^^1^<> inclu<le bodi Chamaesyce and E. subg. Poiu-

])ossess a great simihuily to diose of subgenus /l^'-a- setlia. This entire subcla(h^ is hereafter refcnvd to

Ionia, especially taxa of its section Zygophyllidiuni

Boiss. For example, contrary to reports in the lit-

eraturf\ the southwest Asian £". pefiolafa and E.

cheirolcpis actually possess involueral appendages.

as [\\c AgaU)ma alliance.

The ndhF analysis strongly sup[iorts (bs 9lWr)

that Euphorbia phylloclada and E. ghuuhdigcra

Pax, two annual African spei:ies from the Namibian

UtKloubtedly, if these spet^ies occurred in the New desert, also belong to the Agaloma alliance (Fig.

World, they would b(^ treated within subg(Muis Aga- 14). Both s})eeies possess well-developed involueral

huna without question. Therefore, die molecular ev- appendages and morphologically are easily accom-

modated within subgenus v4g(//<;/;u/, when* they cer-idence that E. subg. Agaloma has either evolved

fn)m a portion of subgenus Eremophyton oi" thai the

two are sister taxa and share common ancestry is

plausible.

laiidy would have been placed il it were not for

their African distribution. Boissier treated Euphor-

bia phyllocldda as the sole re[ircsentative of E. sect.

Stdchydium subsect. Cdj)ensis. Ihuvever. the molec-

Fui)horbia subg. Agaloma. This taxon is based ular data do not support a ch)se relationship be-
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tvvcrn this sjH-cies ari(1 ollirr rnenilKM's <)( ihc section port (l)s 999^) in the latter (Figs. 12-14). The liist

(see discussion under E, sect. Stachydium), Pax clade contains species currently [ilaci^l in FAiphor-

(18941)) plac*^] K. ghifuhiligera in Chaniaesyce, bin suhg. Agdlomn sect. Zygophylluinun together

and tlu* siinilaril) is indeed strong. In the ITS anal- with ni(Mnl)(M*s of subgenus Poinsetfia; \hr s(M'oiid

ysis, these Iwo species are placed in a clade sister chide contains the remainder of sections treated in

su])genus Agaloiiui.

Euphorbia suhg. Agalonui ^cci. ZygophyUidium

to serue rnenil»<'rs of suhgenus Eremophytou (Fig.

12). However, tliis relationship lacks any bootstrap

s!ip[)orl, and the ndhV analysis [irobahly provides corresponds to a Nculh American and Mexican as-

a more accurate reflection of Relationships. semhlage* of about a doz(Mi sjxM'ic^s. The group is

Witliin die New Wiirld. the earliest divt^ging poor!) defirKHl, Init united by lIuMr annual or rarely

group in the Agalowa alliance consists of EtipJior- shorl-lived penMUiial habit. In addition, many spe-

b'ui subg. Agdliwia sects. Fphrdropcplus Miill. Arg. cies possess serrate leaves. The section was rep-

and Crossddrniii Hoiss. 'Hie foriiuM* section is rep- resentiul in diis sUidy by E, bifuratln Fngelm., E.

resented here by E. apparicnina Ri/zini, E, sp. nov. bilobuta Fngelm., E. criantha \icn\h,, E, oxstipiddtn

1. and E. gMumuhtdn Roiss.. while the latter sec- Fngelm., E. jallscensLs li. L. Rob. cK Creenni.. and

lion is represented here by E. crossadenia, E, ses- E, hireui Roiss. It is not monoph\l<'ti<' IxM'anse sub-

s'dijidia, and E. sarcodes. Tn the ITS analysis, these genus Poinsctlia is nested within it (see discussion

two sei'lions form a single well-su])porttMl clade (bs under E. subg. Poinsrtti(i).

99%) sister to the remaindt^r of the Agidoma alli- Sister to the Zygophyllidium/Poinsettia group is

anee (Figs. 12, \^). Tlu* sam|)le in the luUiV study the core of Euphorbia subg. Ag<donui, an assern-

was not sufficienl to inv**sligate their monophyly, blage comprised of section Aleciorocfonu/n

but lu^re too the single specii's inckuled, E, appar- (Schltdl.) Raill. (re|)resentatives: E, collclioidcs

iciana, is sisU^r to the remainder of the Ag<domo Renth., E, leurocrphtdo f.otsy, ami E. sp. nov. 2),

alliance. Both sections an- restricted to eastern Rra- section Cytturospcrmnm Boiss. (representatives: E.

zil and repres*'nl a morphologicalU diverse assem- odiontoides Farti., E. aff. uriensis HBK, E. ctilcicola

blage ol about a dozen arid-adapted perennial Fern., £". dclirnfulo Roiss., E. rglondidoso V. W.

herbs, small shrubs, t>r stem succulents. The in- Steimn., E. gradyi V. W. SttMum. & A. Ram.-Roa,

volucral appendages are deeply cleft to sulx^nlire, E. gnuuinro Jaeq., E. guotrrtudt'nsis Standi. &
and in one species they are lacking. Traditionally Sleyerm., E. laguncnsis Huft, E, misclla S, Watson,

bgenus Agolonui stH'ls. Crossodenia and Ephcd- E, odxaauui R. L. Rob. & (/reenm., E. ocymoidea

roprplus have been separated by the possession of L., E. rzedoirskii M(*Vaugh, E. srgoriensis (Klotzsch

opposite or whorlcd, highly reduced scalelike & Garcke) Roiss.. E. sinalocnsis Rrandegee. E. so/i-

leaves in section Ephednypephis and the possession orac Rose, E. subpi'Jhito S. \^ats(ni, E. surcedonea

of alternate, wcll-developtMl leaves in section Cros- F. C. Wheeler, and E. whilci F. C. Wheeler), sec-

sadetiin. However, this dislinciiou does not appi'ar lion Dichiliuni Roiss. (re[)res<'nlalives: E. iiisuJoua

to hold, and with r(*spect lo each other, the s(M'tions Veil, and E. oerstedidmi (Klotzsch 3c Crarckt*)

are not monoj)hyletic. Therefore, E. subg. AgaJoma Roiss.), section Petalonia (Raf.) Roiss. (n^presen-

sect. Ephedropcphts is besi re<!uced to synonymy lative; E. bl(t)b>r Fngelm. & A. Gray), section Ti-

thymcdopsis (Klotzsch iS. (iarcki*) Hoiss. (n^pn^siMi-

tati\t's: E, ooron-rossii A. H. Holmgren & N. H.

under section Crossadcnia.

In both the ITS and ndhV analyses. Chonuiesyce

is the next diverging lineag(* in the Agtilofno alii- Holmgren, E. tnnocuo F. C. Wlu^Oer, E, iprcd-

ance, antl it is sister to the rtMuainder of the spe- cuordute L., E. nidcropus (Klotzsch & Garcke)

cies, excluding the earlier diverging Namibian taxa B<»iss., and E. sphaerorliiza Renth.), and section Tri-

and members of Euphorbia sniig. Agaloma sect. ( hoslcrigma (Klotzsch 4^ Garcke) Roiss. (n'pres<'n-

Crossddctua (Figs. 12-11). Howt»ver, statistical tatives: E, autisyphilituii Zucc, E. californica

su[)port for this lopolog) Is lacking. What is sup- Renth.. /l^. cerodi'nnd ], M, }o\m\s{., E.Julgrns Kavw,

ported is that Chdinacsycc is an ancient lineage that ex Klotzsch, E. gentryi V. W. Steimn. <X T. F'. Daniel,

diverged earlier in the evolution of the Agaloma E, nidcvdughii Carvajal & Fomelf, E. juiscra

alliance. Reyond this, however, the exact relation- Benlh., E. rossiana Rax, and E. rossiond var. nov.).

ship oi its members to other Euphorbiinae is not Tn comparison to members of subgenus Agaloma

PVlidenl. sect. ZygophyUidium^ species of this group are

After the divergence of Chamacsycc, tlnTC are highly variable in habit, aTid th<^ l(\iv(*s are strictly

two major groups within the Agdlomo alliance. entire. This group accounts for nearlv 90% of the

These are sist(M' to each odier and present in both species that have Ihm'u treat<'d in subgenus /l^'''/-

tlie ITS and n^/Z/F analyses, w ith considerable su[)- loma, and it ranges from Argentina and Chile lo
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tli<' iiorlluTn Tiiiled Slates and the CarihlH'an. Col- are otiiei-wise known (»nly from a few species of

leetively, these sections form a nionoj)hy]etic grouf) subgenus Poinscttia, The subgenus is noteworthy

in l>olh analyses. However, tlie cladc only has boot- because of the extreme am<tunt of genetic divt^r-

strap su[)|)ort (94%) in the ndhV analysis (F'ig. 14). gence among its members. It forms a monophyh'tic

f leri' t()o Ix'long £". ca.s\sj//u>£V/e.s Hoiss., a Caribljcan group only in the ndliV analysis (Fig. 14). In the

taxon j)r<'viously placed in Euphorhia sect. ArtJiro- ITS analysis, subgcmus Poinsefda comes out in two

thdfUfius (l{()issi(M-, 1862) and K, equisetiformis A. groups nested witliin subgenus .4g'(//o/?zr/ sect. Z\^''-

Stewarl. an endemic to the Galapagos Islands ophxUidinni (Fig. 12). A <'lose affinitv betweeji sub-

whose relationship to other Euj)horhi(i was uncer- genus Poinsettia and species of subgenus /l^''c//n//K/

tain (nurch, 1971).

Although tlu' sample of species is not broad

sect. Dichiliuni has been suggested (Dressier. 1962;

Webster, 1967), but the two groups do not a|)[»ear

enough to make a definitive conclusion, this study closely related (Figs. 12-14). Dressler's (1962) re-

supports Parks (1998) narrow circumscription of moval of E, eriauthd from subgtmus Poinsettia is

Euphorhid subg. Agdloma sect. Tilhyiudlopsis. Ac- justified by molecidar evidence. Euphorbia chcrso-

cording lo the m<»lecular data, Uie seclioti. as de- nesa (= E. helcrophylla L. var. erioairpa Millsj*.)

fined by llufi (1979) and Boissier (1862), is poly- was placed in subgenus Poinsettia by IVIillspaugh

pbylelic and composed of at least \\\vcv sv\)i\vi\W. (1889) but placed in subgenus Agdlo/na by lliifl

lineages, llowev*^-, neitlier Iluft nor Boissier can (1984). The iuol(x;ular data strongly support that it

be criticized. In lact, the placemt^nl of similar-ap- is sister to E. pumicold in subgenus Poinsdlia.

pearing, geo[)hytic taxa such as E. tndcropus and Morphologically, E, cliersonesa is noteworthv be-

E. sphdcrorliizd in separate clades with iioTigeoj>hv-

lic taxa is odd aiul represents one instance where sect. Zygophyllidiuin and other meml)(M-s of sub-

!;emis Po'uisetlia in inv(»lucral (rland characteristics:

cause it is intermcdiat(* between subgenus. I^^'a/o^/^^/

molecular results are counterintuiti\(\ Of du ' re-

mainiirg fiv*^ s(*ctions of subgenus Ag(donui, only

sections Pcl(d()nia and Dichilium are likely to Ite parentlv lac"k appendages.

the glands are not deeply cupped, but they do ap-

monophyletic. but (utt enough taxa from these w(Me The iK'rbaceous habit of the species of Eitphorhid

included to test this hypothesis. What is clearly subg. Agdloma sect. ZygophyUidium and many of

showrr is drat subgerms Agdloma sects. Alcctoroc- the early diverging members of subgenus /'o///.vc///V/

tonum, Cyttdrospermum^ and Trichoslcrigma are

polyphyletic.

Fuj)h(»rbia suhg. Poinsettia. Accordirrg l(» the

most recent treatment of Euphorbia subg. Poinsettia

(Mayfrcid, 1997), this taxon is a strictly New World

asseirrblage <tf 21 species. Dressier" (1962) recog-

nized 1 1 species. The groirp is characterized by

eu[)-sl»ap(Ml iu\(»lucral glands that are gerierallv le-

suggests that woodiness in species such as E. pul-

cherrima is secondarily derived. In addition, the

lack of involucral ap[)endages appears to rej)reserrt

a reversal lo urrap|)endaged involucres.

(»Ki(;iN AM) ui()(,K<»<;n \niv of Kt eiKMnuKAi:

The tribe Fuphorliieae demonstrates a compl<*\

biogeographical pattern. The earliest (li\ crging
duc(Hl to one (rarely more) i)er involucrv. Pigmcn- (4ade, subtribe Andiosteminae, is strictly African

tation of the subcyathial leaves, as <»xempli(ied by and Madagasean (Figs. 1, 2). The next diverging

E. puUhcrrima, occurs in many birt not all of die clade, subtribe [\(H)guillauminiinae. occurs in Aus-
species. (wowth form varies from armuals. [)er-en- n-alia and New Caledorria (Figs. 1, 2). Of tlu' Ibur

nial hed)s. g<'oj)hytes, to shrubs. Nirre species of major clad(^s of Eujihorbiirrae, one, clade A (Figs.

sul)g(^nus Poinscttid were included in this study: /:. 5. 6|. is strictly African and Madagasean, and one,

chersoiwsa Iluft. E, heterophylla L.. E. hormorhiza chuh^ H (Kigs. 7, 8). is priTiiaiily distributed in tem-

Radcl.-Sm., E, pcntaddctyla Ci-istd)., E. puUhorri- prrate regions of lire Northern Hemisphere. The
md. E, puftncola Huft, E. radians Berrth.. E. stri-

gosd Hook. & Arn., and E. zonospcnud Mrdl. \rg.

In both analyses, these s[)ecies are nested within

two remaining clades, C (Figs. 9—11) and D (Figs.

12—14), ai'c widespread, but the earliest di\(Tging

lineages within these two clades occur in Africa

a chuh' that i'<»r!-esponds to Euphorl}id sid)g. Aga- and Ma<lagascar-. If present-day distributions ai'e in-

loma s(M't. ZygophyUidium (Figs, 12, 11). This is dicative of historical ranges, then the molecular- ev-

nol sur[iiising because some species of this section idenee is consist(^nt with a hy}>othesized African

(e.g.. E. bijurcdtd) possess involucres with a single

gland and nearly identical seeds to those <»f mem- aland.

origin of the tribe l)i-f()re the breakup of Gondwan-

bers of srrbg<Murs Poinsettia. In addition, odu^r taxa Although clade B is almost entirely Laur-asian in

(e.g.. E. jaliscensis) possess panduriforrn leaves that distribution, thert^ are a few members in Africa. The
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vhulv is al)sriit from Auslnilia and eftsenlially ah- Rase(] on l)i(>g<M)graphic paltcitis, Croizal (1940)

st^il from South Aincrica, \vh<M-e only two species poslulalod ihal Euphorbia was ah'oady differcnli-

o{*('ur, Eiijthorhia sjHilIuilntd and E, pljilippimin atei] into modern suhgenera hy llie mid Cretaceous

IJoiss. The first of these has an ampliitropieal (Hs- (ca. 100 million years ago), and this appears quite

possilile.

The fruits in Euphorhieae an^ generally dry, ex-

Iriliulitwi and also occurs in North America. \\

seeont I is a Chih'an (*nd(^mic similar to Norm

American species. ConsidtM'ing that a[)|)ro\imat(^ly plosi\el\ dehiscent, and initially dispersed only a

85*}^ of the temperate South American sp<M'i(^s of few meters from their source. For this reason, tluue

angiosperms have an origin in the Northern llcmi- are few instances of long-distance dispersal within

sphere (Ra\ (Ml, 1063), the presence of these s|>ecies the trihe. One notahle exception iuxolves species

in South America is likely th(^ result of dispersal <){ CJuimdcsyce, a primarily New World taxon whose

e\ents from North America. Within clailc H there range parallels that of the entire Kuphorhieae. Web-

two major subclades, and both possess species ster (1067) pr(»posed that this group probably orig-

in North America and Eurasia. It is possibh' that inated in tlu* New Vtorld anil molecular evidence

the current distribution of clade R represents either supp()rts his hyjtothesis. Because iTiany Chanute-

an ancient dispersal (^vent to Laurasia or evidence syce possess mucilaginous seeds, nmch of their

thai llie divtM-sificaiiitn of Enphorbiinae prtMlates great sui:cess in (hslribution is likely because seeds

llie split up of Panga(\u are able to adiiere to animals and thus achieve

Clade C has a wide distribution that is best dc- long-distance dispersal (see discussion in Jordan <!i

scribt^d as pantropical. According to the //J//F re- Hayden, 1002). This feature is otln'rwise rart* in

suhs li<u'ein, the earliest iliverging lineages ol this

i-lade occur in Africa, Madagascar, and Australasia.

Enphurbiii and helps explain why Cliamaesyce is

one of the few relatively derived laxa within Eu-

The Hawaiian eudeniie sp(M"ies Eiiphorhia Jiaelcc- phorbiinae thai exhil)its a transoceanic distribution.

Iciuui belongs here and a])p<'ars to have ariived at Webster et al. (1982) stated that the most-likely

the islands by long-dislanee dispersal from relaled primitive Enphorbiinae were in Euphorhid sect.

ta\a, e.g., Euphothia plumcrioides, in the Pacific Dcnisophorhia. Dressier (1957) believed that they

Islaruls. Tn tlu^ udhV analysis, all of the Neotr<»pical were in sections Balsamis and Adcnonma, Al-

th<tugh the moltH'ular evidence does not support

their hvpotheses, it does not j)ro\ide solid insight

p}\orhi<i and [jicanflus logi^her with the Syntiden- as to what actually is the most pritnilive Euphorbia

//^;// idlianc(\ again suggesting that these two groups either, and it appears difficult to identify a single

arost* bef(»re tlu^ breakup of Goudwanaland. Simi- most-ancestral group. Dressler*s and Webster\s

memlxTs of clade C f<»rm a singh* lineage that is

sisttrr lu a lineage cuntaining the subgem^'a Eu-

larl), the sister clade relationship of subg<mus Lo- c hoi 'r"»C •C(*S sound because all thre(^ sections rep-

canlhis and subgetms Euphorbia together with the resent early di\tMging lineages within the genus.

Sxrtadenium alliance sugg<'st that the conunon an- The molecular evidence does provide some in-

cestor of both tlu^se grou|)s was present before Mad- sight as to the features thai ancestral Euphorbia

agascar began to separate frt)m Africa. likely possessed. First, llu^y were j)r()bably a trop-

Clade I) has a distribution similar to cladi* C. ical tnM* or shrub, because early diverging lin<*ages

liotli ITS anil ndhV analyses indicate that the car- within tlic various clades ol Euphorbia are mostly

woody tropical plants. Phyllotaxy was presumably

spiral, and it is likely that a pseudoumbellale in-

liest diverging lineages are in Africa, Madagascar,

antl southwest Asia. Also like in clade C, all of the

Nev\ \^orId specit;s bi'long to a single lineage. In- llores<ence structure was well develo|)ed; these

terestingly, according to the ndhV evidence, of the characteristics are found in all ihe n»ajor clades of

two carliest-di\('rging gr()U})s in the lineage con-

taining the New World laxa of clade D, one occurs

Euphorbia, and their widespread presence is par-

simonicuisly explained by their j)rpspnce in the

in Namibia and the oilier occurs in arid eastern common ancestor of all four major clades. Stipules

Brazil. Thus, tlu'rt* is a clear. vvell-sup|»orted link were probably absent or minute and glandulilorm.

between New and Old World sp(H*i(*s i?i this group. There were likely five glands on the involucre. Al-

The near parallel distribution in the sister clades though gland reduction is common, in many species

C and D provides fuither i'vidence that the distri- Mnth rt'duced glantls, e.g., E, graniinra Jac(|., the

bution of New and Old World taxa is tlu* n^sult of first involucre formed in an inflorescfMiee often pos-

vicariance c-aused b) iht: breakup of Condwana- sesses five glands and only subsequent involucres

land. Therefi»re, ih<* molecular evidtMice corrobo- possess fewer glands. Presumably involucral ap-

rates that despite bi'ing a very specialized group, pendages were* absent, because they are present

llie Euphorbiinae are also a ver\^ ancitMit group. only in derived groups of Eupliorbiinae. It is n<»t<^-
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worlliy that the Madagascan endemic Enphorhla Fl'TUKK oi- Eui'lKHinilNAI-: Classii- ic AHON
(tnlso is the least derived species witli regard to

molecular evolution (see Figs. 3, 4) and possesses

most of the features discussed above as ancestral.

The current classific-ation of Euphothieae suh-

trihes Anthosleininae and Neoguillauininiinae is

Alllu.ugl. tlH' ancestral (•.,n<lili..n is prolml.lv uo.nlv. ^*^1' supiKHled l.erein and recognizes only rn.nio-

in terms of species nu.nl)er, the two most successfnl P'')!^''^' «'""^'P"- N" 'axonomi<' adjustments are nee-

lineages within the suhtribe, Chamaesyce and lh(
essaiT for these subtribes, but as mentioned above.

r- 1 r^ I 1 1 1 problems remain for the classification of sublribe
temperate h. sul)g. tsula cla(h\ are primarily com- ^^

prised o( herbaceous species.

The large amount of diversification within Ku-

phorbiinae compared to the other subtribes of Eu-

phorbieae and the sister tribe Hippomaneae sug-

gests that one or more key innovations may have

promoted rapid evolution and diversification within

this lineage. If such innovations actually exist, they

bkely involve the cyalhium. Although cyathiate iu-

florcscences also occur in Anlhosteminae and \co-

guillauminiinae. both these subtribes contain \eiy

few species and have narrow distributions. The par-

ticular fi-ature that occurs in Euphorl)iinae but is

absent in the other subtrdx's is that, uith few e\-

cet)tions, the nectar-pi'oducing involucral glands

are situatiMl on the rim of the involucre and not

partially (Miclosed within this structure. Thereh)re,

this featun^ may have greatly enhanced snc.'c^ssfnl
.i^.^j,.^],],. ^^ backward 250 vears to Limiaens's

Euphorbiinac.

The current laxonomie trend is going in the di-

rection of splitting Fuphorhid. 'fhis has already

been observed w ith Webster's (1967) rcnn)\al of

Chamaesyce. More recently, Cartt^r (199 1: 378)

stated that subgenus Euphorbia '\-ould be separat-

ed as a genus in its own right." Eik<'\\ise. Gilbert

(1987: 2.'i.'S) also leaned toward an ev(Mitual dis-

memlxHtnent of Euphorbia, but well aware of the

"[)rofound nomenclatural consequences" associated

with such a change, he justified r)nly changes in

rank withiri EupJiorbia.

We (Hsagree that Euphorbia should be divided.

Our opinion is that the best long-term solution to

the problem of Euphorl)iinae elassihcatiiui is to ex-

|)and Euphorbia to encompass all m(^mbcrs of the

sul)tribe. Some nught conttmd that tins is an un-

iusect attraction and pollination, thus giving mem-

bers of Euphorbiinac a st»lecti\e advantage, which

in turn has driven the patt(^rns of speciation an<l

ffivcrsificalion presently observed in extant mem-

bers ol the subtribe.

COMI'AinSON WrrH MOUIMIOI.iXWCAI. f)ATA

broad concept of Euphorbia. However, we believe

that this solution is more favorabh' than leaviiig the

genus in its current paraphyletic circumscri[)lion or

restricting Euphorbia to only the subgenus EupJior-

bia.

The first lax<»nomic problem with limiting Eu-

pliorbia to subgtMuis Euphorbia is that ca. 9()9f of

the species currently in the genus would need to

There are two previous phylogenetic studies of l^^ aceomuiodalcd in other genera. Thus, /^/^/^//or-

the Euphorbieae based on morphoh)gical characters
/^^V;^ ^ well-known and easily idcMitiliable taxon

(Park, 1996; Park & Elisens, 2()()0). The fust <)f known throughout the world, would no longer exist

diese treated only the New World taxa of subtiibc in most [)arts of the globe. Instead, tluMC wxndd be

Euphorbiinac, whih^ the second treated the entire a nmllitude of genera completely unknown to most,

tribe. 'V\\e molecular results differ drastically from and the boundaries and circnms<-ription of these

the n^sults obtained in eith(M- analysis. Even th<Mwo would be vague and certainly debated fi)r quite

separate morphological analyses yielded different somt^ time. On tlu^ contrary, a broad Euphorbia

topologies, and in neither study was there signili- Avould requin^ changing the names of ca. 100 (vs.

cant statistical support for the majority of the ca. 1700!) species and would only affect groups

clad<\s. Part of the problem with these morpholog- with ndativcly limited distributions. These changes

ical analyses may be that too few characters w('re would only mildly broaden the current concept of

included to resolve lb<' taxa. For examph*, in the Euphorbia to eu(omj)ass taxa thai j)ossess an un-

first study of the New World species only 37 char- usual involucral riKtrphology, a featun^ we Ix^lieve

acters were used to resolve relationships among 19 has received uutlue taxonomic weight.

terminal taxa, in this case sj)ecies groups. In ad- Another reason that splitting Eupht>rbia is nn-

dition. many characters employed in both analyses satisfactory concerns the unusual nature of evolu-

aie highly variable even amoug closely relatt^l si)e- tion within this group. 1'he situation here is that

cit^s, and their use to discern relationshij)s within basic cyathial morphology in the genus is highly

such a large and diverse trilx' as Euphorbieae is

unlikely to {)r(>vide accurate results.

conserve! 1. 1 )Ut v<'getative morphology is highly

plastic. This has led to much parallel tnolulion in
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growth forni willi litllt* cluinge In floral lorm. There- so (^ffeclively blur, if nol nulHly, the diayiiosli*- cri-

f(jre» if ihc rehilionships suf^gostod by thtMnolecular ttM'ia as to make it virtually impossible to retain

evidenct^ do indeed aciuralely depiel ihc phylog- lh<^se as se[)arale genera on an) but purely arbitrary

eny of tlu* gr<»up, then llien^ are a lunnber of well- grounds.'' llow(*ver, the current recogi]iii(»n of g<Mi-

defined mono|)hvlelIi* linivigt^s ni'sted within a par- era separated solely on the basis of eyathial ehar-

aplnletie ba<-kgromi(l of relatively undifferentiated aelers while igrKuing. as in llu^ ease o{ Knthuleii-

groups or groups that have undergone a high degree ium, all of the characters that do indeed blend the

segregate giMiera into Eiij>li(/rhi<i, is in ilseli some-of [parallel vegetative evoluti(»n.

To piopose various gcMiera whose members are what arbitrary.

sujH^fielally nearly identical lails to serve one of One oi the arguments frequently used to justify

the pritnary purposes of a syslt^m of classifualion, the division of Fujthorhia is thai the g<'nus is so

I.e., to provide a predictable system that allows for large and heterogeneous thai it is unwieldy. The

die separation of laxa and lor the ability to make Incredible speclation and diversilication that liave

assumptions about relali<»nsbip based on moqiho-

logical f<'atuies. II Euphorhln classiiicalion is to ac-

tually refh'ct relationship, then there will IxM^xcep- smalli'r and less heterogen(M»us but collectively as

occumMl within Euphorhid an* largely biological

facts. Dismembering the genus would make it

lions an<l inconsistencies in defining new geiUMa. unwltddy an assemblage as e\(^r. Another argument

We (ear dial any system that attempts to <lismember advocated by splitters Is dial the generic concept

FAiphorhiu will continue to hav(* only limited sue- used for xhvsc assemblages is too broad in eom-

eess and acce[>tance. parison with other groups; for the sake ol taxonomic

Croi/at (I0()5: 571) emphasized the p?-oblem as- consisteticy, Eiipliorlna must be divided. In re-

soc'iali'd with subgeneric groups within Euphorbia spouse to this, it is worth pointing out that no two

and stat<'d 'Mhe InfrasixMllic combinations of char- lineages of platils are comj»letely comparable to

acters are so intricate as to mak<* it n^ally difficult each otluM\ Each has an independent evohitionaiy

to identify a Irul) natural subgeneric ta\oi».'' The

same problem occurs with an <*ltnation in ratjk to should be divided simpl) because its evolutionary

g<Mius, but tlu^ broad implications are greall) more past has iiuolved amazing speciation, dispersal,

s<»ver<'. rjecognlzing liigldy similar subgeiK'rii' laxa arul diversification Is unfounded. Tn our opinion.

history, Thcrefori\ the argumeiil thai Euphorbia

is much less of a problem b<H'aus(* such rank is r(M-ognizing the genus in its broad sense has s(»me

usually t)f primary intcrc^st to specialists in the Ix'nefit ijecanse it coiueys the incrt'diblc evolutlon-

grouj>. Webster (1907: lV)i\) stated, "If lh<* various ary historx' of this group.

nucrogencra of luijihorbicae cannot be easily dis- Can a w^orkabh' system of classification be de-

llnguished. there seems litth' reason to ad<»pt them veloped for the Kuphorbiinae that is based on die

simply becaus<* they repi-esent <*vo1iitionary units; conc(*pt of ni<»iiophyly? We believe that the answ<M'

it is (|uite easy to discuss the evolution of these is yes, but the units of such a classilicatit)n sliouhl

be infra'jjeiK^ric. CtMtainlv man\ mo<lificatI(Uis v\ill

be n(*cessary and time nHiuIn^l befon* a stable sys-

laxa if they an' refcrriMJ to as Infrageneric co

nents of Euphorbia,^^ \^V could not agn^e more.

mp(

As mentioned in llu' inlroduction, the majority tem of classification is developed. llowev<'r. it is

of genera currently s<'gregat(Ml from Euphorbia are better that such a process be undertaken at the

distinguished l)y eyathial traits. In some Regards, infragciUM'ic level, when* the far-reaching nonien-

cyathial morph(»logv has received undue weight.

and this may be because ihere has btM'ii great di-

clatural Implicalions assiu'ialcd w idi geneiie

clianu<'s can be avoidtnl.

vers Kical ion In vegetativt* mor|)liology d iron ghoul

Kupliorbiina*% but iIh' overall slructure of the ey-

athium has remained relatively conserved. Thus,

chaug(\s in cjalhial morphology ar<' vicued as tax-

onomicallv si<j;nificant occurrences, and little svs-

temallt' emphasis has been [)laced on olher fea-

tun^s. including relalionslii[»s. Teach (1973: 32),

when desi-ribing Endadcnium, justified his lu^w ge-

nus on the basis of its ili>liricli\e arrangement o[

glands within ihe involucre, furlher saying that Ea-

dadeniutu "combines so manv o( the characteristics

of ihe olluM' African members of the Irllx' llial its

assignment to any one of the g<'nera involved would ISally, P. li. (). I*>59. Sonic new species, varieties and

bit<Maturc (jlcd

baillou. II. \\\U\ , Kiipli(trl)iacca<' Nco-Caledoiiicac Ad-

aiisouia 2: 21 \-2\\\.

baldwin, H. (I. I*>92. Phylogeiietic utilil} of the internal

Iransei ilied spacers of nuclear rihosornal l)N A in

plarils: An e\arn|il<* from llie ('oniposilae. MoU'e, Pliy-

loficnt^t. Evol. 1 : 3-16.

, M. J. Sanderson. J. M. Porter, \1. I". Wojeieeliows-

ki, C. S. Caniphell & M. J. |)<m<)gline. IW.S. The MS
rt'gmn of luu lear rihosornal l)N/\: A xalnahh' sonice of

evidence on anji;ios[)erin phylo<^ejiy. Arm. Missouri Hot.

(;anL H2: 247-277.
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Appendix 1. Vouclier infoiiiuitldri fi)i the included species of Kupli(trl)i<^ae and out^ioups se(ineneed in lliis slnd\

For cLdlivated and introduced taxa, the native origin of the plant is given in ]iareutlieses.

Taxoi I Origin atid vmieher

OUTCROLPS

Ormdanthns populijolius Graham

Supiuni seblfcrum (L,) Koxl).

Schasliaiila conuita Mc\\augh

Still i rigid spinuli)s<] Ton:

Cullivat(Ml (nal. Australia), Sfeinmanfi

1423 (USA)

Culti\aleil (nal. China), Stcinni<uui 1424

(USA)

Mexico, Sonora. Stcininufui 589 (RSA)

Mexico, Sonora Feign 92-3H1 (RSA)

EljRHORIMKAK SUBTRIHK ANTHOSTEMLNAF

Anthoslcnia niadagascariense Baill.

Anfhoslrma senegalense A. Juss.

Anfhostema sp. no\,

Dichostcmma glaiicesccns L. Pierre

Madagascar. P<isral 586 (MO)

Senegal, l^<imps 7759 (MO)

Madagascar. 1//7/cr cf nL 8810 (MO)

Gahon, Mcpherson 15581 (I) W)

EUPHORBIKAESLBTRIBE NEOGUIl.EAUMINn\AE

Calycopeplus cdsitarinoides E.S. Sni.

Calycopeplns collimis \\\. Foster

Calycopeplus puuiifoliiis (Klotzscli)

Badl.

(4illi\atcd (nat. \iistr<dia), Sieinnidfin

1407 (RSA)

Australia, ran der Werjf 11818 (DAV)

Australia. Craren 7189 (RSA)

l\eoguilIaununia cleopafra (Baill.) Cro- New Caled(inia. Mel^herson 17882 (MO)

izat

EUPHORBIFAFSL BTRIBE FUPHORBJINAE

Chiunaesyee acuta (Engelm.) Millsp.

Chamaesyce angusfa (Paigelni.) Small

ChamaesYce arliculala (liurm.) Britlon

U.S.A.. Texas. Mayjield 1989 (RSA)

Mexico. Coahuila. Mayjield 1828 (liSA)

U.S.A., Mrgin Isahids. Steinmann 94~l()

(HS \)

Chamaesyce carunculata (Vi'aterf.) Shin- Mexico, Chihualuia. B<ncers et al, 2939

ners (A Pi I/)

Chamaesvce degeneri (SIierfQ Croi/at & U.S.A.. Hawaii, Motley 338 (NY)

Degener

Chamaesvce hypericifolia (L.) Millsp.

Chamaesvce proslrata (Ail(tn) Small

Chamaesyce polvcnemoides (Boiss.) J.

Sojak

U.S.A.. Hawaii. Motley 1804 (NY)

U.S.A.. Hawaii. Motley 1802 (NY)

Botswana. Sfuuc <K: Cluiialuta 6905

(MO)

Endadeninm gossiceileri (N.E. Br.) E.G. Gulli\ated (nat. Angola). Steinmann

Eeach

Euphorbia aanm-rossii A.M.

& N.H. Holmgren

Euphorbia abdelkuri Ball.f.

Holmgren

1457 (RSA)

U.S.A., Arizona. Hoss s,n. (liS \)

Euphorbia acalyphoides lloclist. ex

Boiss.

Euphorbia acanthothamnus Heldr. tX

Sart. ex Boiss.

Euphorbia adiautoides Lam.

Gulti\ated (nal. Ahil-cl-Kiiri), 5/('/////i(//i//

y«r(RSA)
Ken\a. Luke et al. rPI<l77 (MO)

Euphorf)ia agowensis Hochst. ex Bois;^

Euphorbia alluaudii Drake

Euphorbia atfa Norton

Euphorbia aniygdidoidcs E.

Culti\ated (nat. Gi('cceArurke\). 5/c//i-

inann 1425 (RSA)

Ei-uadni: llarling iK: \fidcrson 22548

((iij)

Elliinpia. Gilhrrl S: Tliulin i:i2 (MO)

Ciilti\alt'(l (nat. Madagascar). Stcinnumn

J4.HI [HS\)

U.S.A., Ari/niia. Sandrns 3'M)3 (USA)

Culli\at('d (nal. Kuriipc). StcinDxinn

I42H (USA)

ITS

CrnHank
accession

AF.''>;57.''>85

AF.537.S86

AF.'5.'?7.^iR7

AF5;^7.''>»}i

A¥?,:M'^[\2

AF.s;}7.sn;5

AF.5;57.")jn

AF5373;i()

AF5;57.'i81

AF5;571.'}(»

AF5;}71I9

AF.5;37H6

AF537447

AF.337I11

\F537 1 13

VF53711.-)

AF537448

/

I

AF53717I

AF5373')6

AF53745r,

AF53i,>76

A F.5.3 7.5.54

AF53739;

A F3.3 7 U9

AF537168

AF537553

AF5373F1

ndhV
(Jrtiliank

accession

AF53{!2()2

A VWM\2U1

A F3.3!526.3

A F3. 3 i 52 64

AF.33»237

\F.5.3}!259

AF53»2.3}5

\ l'3.3a2G(

)

Al-'3;5»251

AF.3;?fi233

AF.33»2,3( )

\F,5,3}U76

A ! .33» 1 73

AF.33iil')}{

AF.3,3J!I':)1

\F,33a23l

A F3.3»2.32

A F338 1 07
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Appeiulix 1. Conlimicd.

Taxoti Origin atnl xoiulicr

Knphtirhia (inkdn'/isis IWiilcau

Kuplmrhid nnllsyphilitKd /iic (

Euphorhia antst) Denis

Etipliarltia aphylla Hrouss. c\ WilUI.

Hupliitrhid (ipjxtrii ia/id Ki/./ini

Euphorbia <irl>us(ula Biill.!.

Euphorbia af(. arirnsis 1 1 UK

Euphorbia atrispina N.F. 1^.

Euphorbia alropurpurva Hntuss. ex

Wilkl.

Eupliorbia aflastoirui l{i//liii

Cuili\altHl (rial. Madagascar), Sfcimnanu

11H2 (I{SA)

Cirlli\al('(l (rial. U.S.A., Trxas), Slci/i-

mauu 14:^1 (USA)

Cultivalt'd (ruil. Madagascar), Sfrlrnnanu

1473-H (KSA)

Culti\atcd (nat. ('anary Islands), Strin-

mann 1 166 (USA)

Cultivatc<l (rial. \\i\\/.\\), Stcimuafin 1112

(RSA)

Cidtivalcd (nal. Socoira). Siciutiutu/t

1435 (RSA)

Mcxicd. Nayarit. Strinuiann 1 1 48 (RSA)

Cullivalrd (nal. Kcjuihlic of S. Africa),

Strinmann 1478 (RSA)

Cullivatcd (rial, (lanary Islands), Strin-

mann II89(\{S\)

CullivakHJ (rial. Um/.W)^ Sicinnumn 1187

(RSA)

Euphorbia balsaf}iij'vra Ailon ssp. ade- Cnllivalcd (norllicasi tnypical Africa).

SU'inmann 1480 (HSA)

U.S.A.. Texas. Van DrrcmU'r 96-2W
nt'nsis (Defleis) Ballv

Eupl\orbia l>iroU>r F"n*i;elnr. *!i \. Urray

Enpliorbia btfurcuta Kn^i-lni.

Euphorbia bilobata Kn|;<'lin.

Euphorbia boHplitliona U.A. (^fanlncr

Euphorbia bnincllii Uliiov.

Euphorbi<i cahirola I'Vrri.

Euphorbia calijornica Henlli.

Euphorbia ralycuhifa 1 1 UK

Euphorbia ral)plrala (loss. & Kialik

Euphorbia capinananibatoensis Hanli

Euphorbia ( ttfuitnu'(lu^<ic U.

Euphorbia ca.ss^thiUfh's l\o'\».

Euphorbia a-rodrruui I.M. Jolrnsl.

Euphorbia <rstriJolia llliK

Eupb<trbia rhvirolcpis Kisch. t!^ C.A.

Mev.

Euphorbia < bfrso/wsa llnfl

Mexico. Nucvo UiM'tn, Nrson} 7703
r

(HSA)

U.S.A.. Arizona, Stvinmanu 988 (USA)

AusUalia, Coivny 3031 (RSA)

Cnllivalcd (rial, easl lr(i|)ical Africa),

Sh'iuniann 1493 (KSA)

Mexico. Mor-clos, Slcinmann 801 (I{SA)

Cirltivalcd (nal. Mexici)), Slviuuuiun

1492 (RSA)

Mexico. I'nclila. Tcnorio A. 726l(' (S\)

Morocco. l\Hlh'ih 13138 (KS \|

(lultivaled (nat. Madagascar). S(rinnu!nn

1 168 (RSA)

Ciilti\atcd (nat. Rcpuhlic ol S. Africa),

Sifinmann 1403 (USA)

Ca\nian Islands, Eroctor 47838 (NY)

Mexict). Sorr(tra, Sldnnuiun 1393 (RSA)

Ecrrador. Ilarlin^ 27200 (CB)

Cenlral Asia. Vasdii s.n. (!N^)

Euphorbia clara Jac(j.

Euphorbia colb'tiiKh's Benlli.

Euphorbia ((tnu)sa \'cll.

Mexico, Baja Calif(»rnia Sirr'. Sfeinnuiun

1232 (USA)

(lullivaled (nat. McjuiMic of S. Africa),

SU'inmann 1472-H (HSA)

Mexico, Sonora, Stcinmann 98-387
r

(\UI/)

Brazil, Wcbshr 23123 (|)A\')

Euphorbia < ro.ssailrnia Pax tS K. Iloffni. Brazil. (Iroi^as ct a!. 886 (SP)

Euphorbia croh>uoidvs Boiss.

Euphftrbia dvlicatula Boi>s.

Tanzairia. ]/.A'. 23765 (NY)

Mexico. Crrerrcrd. Slcium<iun 1 199

(r?s\)

ITS

Gt'iiF^aiik

accession

\F537162

AK537398

/ \F537S79

AK537r>U)

AF537155

J\F537196

AF537409

AF537r>6a

AFr)37r>42

AK337511

AF537571

AF5373U6

;' \F537134

AF537t35

\F53751S

\F337186

/

/

AF3373»5

AF337377

J \F337321

\F337349

AF337I7()

AF33757i

AF337387

AF337389

AF337321

AF337I21

AF337136

AF337569

/\F3374():

AF5373()3

AF537451

AF337378

AF537393

/if//)F

GeiiBank

accession

A F338233

AF338223

AF33fM77

AF33{{23()

A1-'53H230

A F33H 1 73

A l'S38 1 72

AF33H2()7

AF3382()3

Y\F33!!221

AF53JM33

A 1-3382 1

3

'\F33817I

A F338243

A F338222

AF538238

AF33{{132
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Ap[)cri{lix 1, Continued.

Paxdn

Euplutrhid dendroidt's L.

FAiphorhid denisii Ouilrjans

Fiipharhia drpaiiju'nifd Hoclisl

Rirh.

FAiphorhia discolor Ixnleb.

Euphorhid drupifcni Thonti.

ex .\

Euphorhid cdnophylhi Crul/al

EupJiorhid f'ghniduh)Sd V.W. SliMtitn

Euphorldd t'ldtd Hratidrgee

Eitphorlnd clliotii l.i^anrlri

Euphorhid epiphylhndes Kur/

Euphorhid vquisvliformis A. Stewart

Euphorhid creniopliiia A. Cunn.

Eupliorhia cridtithd Henth.

Euj)hitrhid escuh'uNi Marlotli

Eujdiorhid rspinosd Pa: \

Euphorhid csuld L.

Euphorbia exslipuldld Kngelni.

Euphorhid [ulceus Karw. ex Klotzseh

Euphorhid gcnlr)i \.\V. Steiiiin. & T.l

Daniel

Euphorhid i^crfudinii Phil,

EunhitrhruphorOKt gcroKUi lumnIdii Haul

Euphorhid glanduligcrd Pax

Euphorhid gh>hosd (Haw.) Sir»is

Euphorhid goetzci Pax

Euplu)rl)id golhiicridUd

Buiss.

Euphorhid gotdchci Kauli

Klotzscli e\

Euphorhid gradyi \A\. Steiuni. & A

Ram.-Roa

Euphorhid graftducd Jacq.

Euphorhid grundi Oliv.

Euphorhid gregarid Marlotli

Euphorhid gudtcmalfusis Standi. &
Sleverm.

Euphorhid gucrichiufid Pax

Euphorhid gymuochida Boiss.

Euphorhid gymuofutta Urii.

Origin and voucher

Greece. Slrid 255H2 (USA)

Cultivated (nat. Madagascar), Stcinnuinn

!4:U (l{SA)

Malawi. Kdundd &: rdudhdi 906 (NY)

ForiTKM- I.S.S.K., MvNvdl 710 (RSA)

Cultivated (nat. Africa), Sieinnuinn 1488

(RSA)

Bolivia. Brck 11399 (\)\\)

Mexico. (;iiia|)as, Birvdloie 70137

(CAS)

Brazil. Dah 0694 (\Y)

Maila<;as(ar. Dorr ,'l al. 3985 (MO)

Cultivated (iial. Aiulaiiiari Islands),

Slcinmdnfi 1439 (RSA)

Ecuadnr. ( ialapa*i;os Islands. Elidson &
Elidsou 1573 (K)

Australia, Vdsrk hHO^HUSl (RSA)

U.S.A.. Arizona. Slcinrndun 923 (RSA)

Culli\aled (nat. Re[>ul)lic of S. Africa),

Steifuuann 1471 (RSA)

Cultivated (nat. A(rica), Slviunuum 1494

(RSA)

U.S.A.. New .Ierse\ (nat. Eurasia), Sleiii-

rudnn I 127 (RSA)

U.S.A.. Arizona. Sl('iftti}dfui 9'il (RSA)

Mexico. Oaxaca. ('.dn}pos HL'i (RSA)

Mexico, Soriora, Stviuiudun 94-.'l~i7

(ARIZ)

Chile. Tcillicr 1267 {SCAY)

Cultivated (nat. Madagascar), S/r/nmanfi

1467 (ItSA)

Namibia, Koulud: 2015 (l)AV)

Cultivated fnal. Repulilic of S. Africa),

Sti'inuidnn l43l-[ (RSA)

Tanzania. 7av/or e/ dL H 190 (MO)

Venezuela. Rdmircz 2696 (DA\')

Cultivated (nat. Mada";ascar). .SV<'/////k/!?//

1471 (KSA)

Mexifo, Oaxaca, Stcinmunn 784 (USA)

Mt'xieu, Soiiora. Slrinnidnii 94-lili

(RSA)

Tanzania. IVtdgoud cl a!. 1136 (MO)

Cnllivaled (nat. RtpiiMic of S. Africa),

SteiiuiKinn 1443-11 (USA)

Mexico. (Miiapas. Slt'liununn 1170

(RSA)

Repnl)lie of Suutli Africa. Bdlkuill el at

6022 (MO)

lirazil, Wrhsirr 23333 (l)AV)

Haiiania Ishnids, Cnrrcll & Wasshniisen

46769 (NY)

US
CenBank

wlhV
Genl5ank

accession accession

AF5;575;5')

AF537497

AF53755f)

Ah '53 7 54 7

AF537'U!() AFr,3i!l«)]

AF5371<)!!

AF537;?<)1

AF537 1<).') A F53; !2 1

7

AF'537l7n

At'5371!'>l

AF5373HK

Ah537423

AF537fl() AFr)3Jil67

AF53757;'i

AF5371I6 AF53ai9<)

AF537516 AF53!!229

AF537i33 A F53; ! 1 7 i

AF537404 AF53iliri4

AF537l()6

AF5374W Ahr,3i{205

AF537175

AF537l2f) AF53!!I7}!

AF53a23<>

AK537413 AF53{JI»r>

AF537501 AF53{!22()

AF537459

AF537l()7 AFS3}!iSI

AF53741() AF53ni.''i5

AFS3}5242

AF537527

AF53740»

A F5374

1

3 AF53»ia2

Ah'S374S6

AF337507
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A|)[K'iuli\ I. Conlinufd.

Ta \(>n

Fuphorhia liadvvlcana \).\\. Ilnhst

Euphorbia liallii K.A. Dyer

tJitphorhid hiUfKUd (Flaw.) Sv\<'<'l

Fupliitrhid hctholoidcs N.p]. Rr.

Fupliorhid hrtrnxloxa Miill. Arg.

Fftphitrhid lu'fcrophyUd L.

Euplwrbia hojjfiuuinuuui (Klot/srii tX

Garckr) R<»iss.

Euphorbia li<trnutrhiza r{iiiltl.-Siii.

Eui>harhia iJiaraiiac \\i\\\\\

Euphitrbia innocua I..C. Whrt^Irr

Euphorbia insubiua Wll.

Efiphorbia ipciacuanhiw L.

Euphorbia Jalisccnsis 15.1,. Kol>. tK

Cri'ciini.

Euphorbia juUac DiiiltT

Euphi>rbia kraussiaiui ncirih.

Euphorliia laccnt Roiss.

Euphorbiit larftjiua IMiil.

Kupl\orbia lagunrnsis Mult

Euphorbia laguiiillarum Clntiz.

Euphorl)ia lalh)ris L,

Euphorbia laurifolia juss.

Euphorbia Iciiroccphala l,oisv

Euphorbia li^fu>sa Marlolli

Euphorbia longifolia LatJi.

Euphorbia b}u^ilub('r(ulosa Roiss.

Euphorbia macro}>tLs (Klulzsih ^K (^ar-

(kr) Roiss.

Orit^iii and voiicIut

U.S.A., Hawaii, Fcruslcinarhrr s.n, (NY)

Cullivalcd (iiat. Rcpuhlic of S. Africa),

Sieiuuutnn 1 175 (RSA)

Caillivalcd (rial. Rq>uh]ic of S. Africa),

Strinmanu I l.rl-H (USA)

Cultival(Ml (rial. Ma(la*j;ascar), Stvinniaun

1472-A (KSA)

Hra/il, Wcbslcr 25810 (l)AV)

Mcxicu, Soiutra, \(in Dcrrmh'r 911-1157

(ARIZ)

Costa Rica, Ilaber 10501 (F)

Mexico, Taiiumlipas, Ma\fi('l<l tS: Patter-

son Ifili (TKX)

Cultivated (rial. Madagascar), Sleinniafin

H5H (RSA)

U.S.A., 'I'cxas, Mayjield 216H (l{SA)

Riazll, llora 0:i (NY)

U.S.A., South (Carolina. Spou^bvr^ &
Houfford 17IH (MO)

Mt'xico, Jalisco, Siciniutjuu 754 (RSA)

Cultivati'd (rial. Naniihia). Strifauann

1493 (RSAj

Republic (»f S. Africa, Stahnans 372

(MOj

Mexico. I], de Mexico, Casdlla & Tcjcro

958 (KINCR)

Chile, Dilbm & Tvillifr 5105 {V)

Mexico, Raja California Sur, Slcinnujun

1272 (RSA)

CultivaU'd (Veru'/uehi). .SVe//////r///// 1()2I

(RSA)

U.S.A., Califi)rnia (rial. Kurasia), Stein-

nwnn 1426 (RSA)

Ecuador, Mrna Cbl (N^)

Cuhivated (iial. Ca\i\Wum\\i\)^ Stein mann

94-17 [\{^\)

Cultivated (nat. INatnihia), Steiufuann

1455 (RSA)

Canary Islands, La'gaard 9905 (DA\')

Culli\aleil (nat. cast tro|)ical Africa),

Steinmann 1479 (RSA)

Mexico, Nuevu Leon. Marfield 1294

(TKX)

Euphorbia nuuraughii Carvajal X Lo- Culti\ated (nat. M<'xico. Michoacan),

nic If

Eupluubia nHihabi>bokeusis Rauh

Euphorbia tuat(d)eleusis F^ax

Euphorbia nuiuritauiea F..

Etiphorbia ruedieaginea Roiss

Euphorbi(j lueenae S. Carter

Steinmann 1480 (!{SA)

Cultivated (nat. Madagascar), Steinmann

1450 (RSA)

l^otswana. Smith 1229 (MO)

Cidtivated (nat. southern Afiica), Stein-

mann 1132 (liSA)

Morocco, Podleeh 41883 (RSA)

India, Singh s.n, (RSA)

ITS

GenRank
accession

AF537514

AV7VM57:i

AFr):57l60

AF5;i7r>()0

AF5;i7429

AFr>;^73()H

AFr>37i;n

AF5;57I77

AFr)37:580

AF5:i7ril

\v:yA::\97t

AFri;{7i-J2

AK537 1 1 a

AF5;J7518

AF53 744

1

AF5;5752n

AFr);?7;579

AF5;?7r)()2

AF53755()

AF5;57509

AF5;}7;5J]1

AF5;i75Sa

AF537577

/ \Fs:57;i7«

AF537;5a2

AF537522

AP^5;i7r);5i

t

t

\F5;i75;55

\F337183

>ulh V

GenBiiiik

accession

AFS:U{2(>( )

AF5;38237

AFrj;?!!l%

AF53»170

AF53»21

1

AF53816.5

\F53JU0I

A F53» 1 66

i \ l''53y 1 H{]

A l"r)382 1 <7

AFri3a24()

AFr>3a235

A Fr>382ri2

AF538247

/ \F5:U{2(I2
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A|)j)L'ndi\ 1. Cuntinued.

laxon Origin and voui'her

Eujihorl)ia mfgaldlhinlica Ra

Eiiphorhia itwloformis Aitoii

Euphorbia mculrniana 0. Scliwatiz

Enphorhia rn'di'i Dcs Moul.

Euphorbia millolii Ursch & [.candri

Euphorbia ndscUa S. Watson

Euphorf)i(i misrni BeiUl 1

Euphorbia rnonlriri Hnok.f.

Euphorbia inyrsinilcs L.

Euphorbia naiuuskluftensis L.C. I.each

Euphorbia oaxacaua B.L. Rub. &
(Jreeiim.

Euphorbia obrsa I look. f.

Euphorbia obh}ngat<t Griseb.

Euphorbia ocymoidea L.

Euphorbia ocrstcdiana (Klot/sch & (

vke) Boiss.

Eupliorbia oniariana M.G. Gilbert

Euphorbia pauchganiensis Blatl. &
McCann

Eujihorbia papillosa A. St.-Hil.

Euphorbia peddandwides Denis

^ar-

Euphorbia pentadactyhi Griseb.

Euphorbia peperomioides Bniss.

Euphorbia pcplus I..

Euphorbia prrrirri Drake

Euphorhiti pcrrillcana Bail).

Euphorbia pel iolala Banks & Sol

Eup]u>rbia phosphorca Marl.

Euphorbia ph\Uoclada Boiss.

Euphorbia pihtsa L.

Euphorbia piroltac N. Terrae.

Euphorbia plalyccphala Pax

Euphorbia platyrlada Rauh

Euphorbia plunwrioides Teijsin. e\

Ilassk.

Morocco, Podlech 41 177 (RSA)

Gnltivaled (nal. Republic of S. Africa),

Sfrinmaun 1 190 (RSA)

Cidlivaled (nal. Yemen), Steinmann

1448 (RSA)

Culli\ated (nat. Madagascar), 5/e////rK////?

1476 (RSA)

Cultivated (nat. Madagascar), Stcinmaufi

1477 (RSA)
9Mexico, Cliiliuahua, Slcinniann I0.'i2

(RSA)

Mexico. Raja California, Swinniann

1285 (RSA)

Botswana. h)ug tH: Rue 290 (K)

U.S.A., Colorado (na(. Kurasia), Slein-

mann It.W (RSA)

Cultivated (nat. Namibia), Steinmann

1491 (RSA)

Mexico, Colima, Steinmann 1094 (RSA)

Cultivaled (naL Republic of S. Africa),

Steifunann 1465 (RSA)

U.S.A.. California (nat. Kiirope), IlaUe

4:i'i4 (RSA)

Mexico, Jalisco, Steinmann 1139 (RSA)

U.S.A.. Puerto Rico, Axelrod & Sastre

62 7H (NY)

Etliiopia, Eriss ef al. 1674 (K)

India, Singh s.n. (BSA)

Argentina, Renvoize .'i()68 (RSA)

Cultivated (nat. Madagascar), Steinmann

1438 (RSA)

Argentina. Cantino 700 (ARIZ)

Brazil, ^akjinui el ai 1596 (DAV)

U.S.A., California (nal. Eurasia), Stein-

mann 1433 (RSA)

(adiivaled (nat. Madagascar), Steinmann

J i83

Cultivated (nat. Madagascar), .S7e/V/ma/?n

Middle Kast, Ihton 7-85-388/3 (RSA)

Cultivated (nat. Brazil), Steinmann 14 16

(RSA)

Republic of S. Africa, Oliver el id. 66! I

(K)

Fornicr I'.S.S.R., hollas ci al. 7182

(USA)

Culli\'at<'<l (nal. Taii/ania). SwiiiiiKiiin

1440 (KSA)

Tanzania, Bidgood el <il. 2249 (K)

Cnllivalcil (nal. Madaj^ascar), Steintnann

///7(KSA)

Au.-^lralia, FryxcII & Craven 4022 (KSA)

irs

GenBank
accession

AF5;375;56

AF337.30.'5

AF.S;57.572

A F.3;5 7 1 6

1

AFS;57U).i

AF5;37;381

AF5373n;5

AF537.%:5

AF537.S.S1

AF.537.'Sf)2

AF.'537373

AF537.''>C)6

AF33 1 .5.33

AF.537392

AF337.36()

Al' .3i?737.3

AF.33731()

AF53742n

AF537323

AF5373.32

AF3374r),3

AF337S18

AF.337422

AF.337312

AF.337127

AF.337337

AF.337 1 1 7

AF337.3()1

AF337I21

AF.537313

ndh V

GenBank
accession

AF53P,226

AF53H19.'

AF5.3HU)()

1\F5.3n2.3

1

Al-53;]244

AF53!U39

AF53824.3

A F5;5K 1 92

AF53K22»

AF5;?P.2()9

AF33aino

AF5.3.S223

AF,3.3»I7*)

AF338234

AF53yiC6

AF338211

A F33a 1 87
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A|>|K'n(!ix 1. C(tntirmr(l.

Ta; \oti Origin arid \ouc1kt

Eupharhia poissnnii Pax

Euphorbia polyattlha Pax

Euphorbia prinmlifoliu Hakci

Euphorbia pirra/inini A. Ht'r^t'r(l)

Eiipliorbia ptenuu'urtt A. HiTi'cr (2)

Euphorbia ptrnmnira A. licm^' {^.\)

Euphorbia pah'hrrrinia Willil. ex

Klolzscli

Eupliorbia puniirohi I lull

CuIlivahHl (wesl Iropical Afrita), Slcin-

niann 1498 (RSA)

K('n\a. Eadi'ii & Ea<h>n 741177 (K)
\

(ailtivatcd (nat. Madagascar), Steinniann

I4HI (RSA)

Mexico, Chiapas, Mayfu>hl ')H() (TK\)

Cultivated (nat. Mexico/Cent. America),

Steinmann 1622 (USA)

Cultivated (nat, Mexico/Ccul. America),

Steinmann 1623 (RSA)

Mcxict), Na>arit, Steinmann 1070 (RSA)

Euphorbia punicca Sw.

Euphorbia radians Bcnili.

Mexico, Raja Califoiriia Sur. Steinnuuin

1241 (ARIZ)

Cultivated (nat. Jamaica), Raz 193 (INY)

Mexico, Sonora, Steinmann 944 (|{SA)

Euphorbia regis-jubae \\cl)l» c'i Rertlnd. Cultivated (nat. Canary Islands), Sfein-

Euphftrbia rhomhijolia Ruiss.

Euphorbia robusta (Kugelm.) Snu i

Euphorbia rossiana Rax

Euphorbia rossia/ui var. nov.

Euphorbia rossii Rauli i*^ liuchlol

Eupht*rbia rubella i\ix

Euphorbia rz<'(h)ushii McVaugh

Euphorbia sareodes Roiss.

Euphorbia seatorhiza S. ('arier

Euphorbia schejjleri Pax

Euphorbia sehimperi Presl

mann 1 131 (l{SA)

Cultivated (nat. Rc|)uljlic of S. Africa),

Steinmann 1439 (RSA)

U.S.A., Colorado, Sleinitunin 1429

(RSA)

Mexico, Puclila. SteiunKinn I I9,y (RSA)

M<'\ico, Cuerrern. Steinmann 1 199

(RSA)

Cultivated (nat. Madagascar). Steinmann

1449 (I{SA)

Cidtivaled (nat. cast tropica! Africa),

Steinmann 14(>l (RSA)

Mexico, Mi<'lu>aci1n, .SVc//i///^///// 11 10

(RSA)

Rra/ii, Cordeiro el at, 2233 (SP)

Cultivated (nat. S(inialia), Steiiunann

1441 (RSA)

Cultivated (nat. Kenya), Steinnumn 1432

(RSA)

Culti\atcd (nat. Arabian Peninsula/\K

lroj>ical WYieii), Steinnumn 1199

(RSA)

Euphorbia M's.si/ifohd Klot/sch ex Hoiss. (Brazil. \rbo 541 H (DW)
(1)

Euphorbia sessilifolia Klol/scli ex. Roiss. Brazil, Cordeiro el <d. 2218 (SP)

Euphorbia segoriensis (Klotzsch cK (iar- Mexico, Chiapas, Sleinmauff 117t
eke) Roiss.

Euphorbia sinaloensis Rrandc'iee

Eujdiorbia sipolisii N.K. lir.

Euphorbia soeolratm lialf.f.

Euphorbia sonorae Rose

Euphorbia soongari< <f Roiss.

Euphorbia .spathidata I. am.

Euphorbia sj)haerorhiza l^nl

(RSA)

Mcxuo, Sonora, Steiiunann 94-130

(ARIZ)

Culli\alcd (nal. Wyiv/.W)^ Steinmann 1443

(RSA)

Cultivated (nat. Socotra), Steinmann

1430 (RSA)

Mexic{t, Sonora. Steinmann 964 (RSA)

ForriK-r U.S.S.R., Ellas 9{i30 (RSA)

U.S.A., California, liatd:s 1601 (RSA)

Mexico, Sonora, Steinmatm 1020 (RSA)

ITS

(ieuRank

accession

'\IT)37ia2

y \F.>;i7U)6

AF5;?75()6

AF5375()5

AF537r)l)l

AVrVM4-:V2

AF537I.57

AF5;}75I6

AFS37i;}!5

AF537511

AF537n4

AF:)37r>33

AF53737t

AF.S373<>()

AF53 7 1 65

AF5374a7

AF5373'W

AF537ir)4

AF53712()

Al''537537

A l-'33 7 1 53

AF537152

A I-53 7 1 00

A I 53 740

1

AF5375I7

/ \F537I02

A
I

'53 75 15

Al'537552

AF537H2

n dh V

CoiiBaiik

accession

AF53!!193

AF53!51H<i

AF538210

A F538 1 68

/ \ F538 1 64

AF53«2(I8

A F538 1
6')

AF53i5ia3

1\F53f5227

Al'5382()4

/ \ F53a 1 »

1

AF53821<>

A h'538 1 56

/ VF53!52 18

AF538233

AF538158
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Ajipendix 1 . Contiiuu'd.

laxon Orij^in ami \()Uihpr

ITS

GenHarik

accession

ndh \'

accession

FAtphorhid stcnophylla (Klol/.scli & Gai- Brazil. Apurccidd da Silvu &: dos Siuilos

eke) Hoiss.

F.uphorhid sfricta I..

Euphorhid .sfrigosa Hook. & Arn.

Euphorbia suhpeltata S. Watson

Euphorbia succedanea K.C. Wheeler

3267 (IJAV)

Austria, \\a!lnoJcr85:il (NY)

Mexico, Nayarit, Stcinniann 1079 (RSAJ

Mexico, Morelos, Steinmann 794 (KSA)

Euphorbia feke Sehweiiif. ex Pax

Euphorbia tetraptera BakiV

Euphorbia fhinophila l*hil.

Euphorbia (houarsiana l^ai

Euphorbia (irucaUi L.

Euphorbia (richiidenla Pax

Euphorbia trichofoma IIBK

Euphorbia tubcrosa L.

Euphorbia fubiglans Marhtlli ex R.A.

Mexico, AgLiascalieiites, Steinmann 745

(RSA)

Euphorbia tanncnsis Sprcn*^;. Australia. Fryxeli et al. 4 175 (RSA)

Euphorbia tanipiahuete Sesse & Mocino Culti\ate<l {^\c\\vo)^ Sleinniann 1620

(RSA)

Cultivated (iiat. east tntpical Africa),

Steinmann 1470 (RSA)

Madagascar. Raherohita 2ff9:i (DAY)

Chile. Di/hm X: Teillirr 5127 {¥)

Madagascai; h'euicenburg tK: Ranairoja-

ona 1 45H5 (K)

Culti\atrd (nat. Airica/Madagascar),

Steinmann /44o-A (RSA)

Cuhi\alrd (iiat. ZinihaI)\\e/Atigola).

Stei/imann 1461 (RSA)

Belize. Hill 20357 (MO)

Culti\ated (iial. f^epuhh'c of S. Africa),

Steinmann 1472-(1 (RSA)

Cuhi\atcd (nat. Re])ul)lic of S. Africa),

Stei/ufiann 1 4()2 (RSA)

China, Liston H27-4 (RSA)

Tanzania, Balslev 291 (\Y)

Cuhivalcd (nat. Peru), Steinnuinn 1347

(RSA)

Mexico, Oaxaca. Torres 10833 (DAY)

Brazil, rionman el al. 8579 (F)

CuUi\alcd (nat. Madagascar). Steinnuinn

1450 (RSA)

Cuhivalcd (nat. prohahly Africa), Steui-

mann I l()9

BraziL Coredeiro et al. 2203 (SP)

Mexico. Tanuinlipas. Mayfield 1851

(TEX)

Cultivated (nal. Tanzania), Steinmann

1473-A (RS\)

Culti\at('d (nat. east tropical Africa),

Steinmann 1 153 (RSA)

Cultivated (nat. Sotiialia). Sleinman/i

14-85 (RSA)

Cultivatod (nat. Tanzania), Slelfimann

1496 (RSA)

Cuhi\atod (nat. Mexico). Steinmann

1460 (RSA)

Mexico, Veracruz. (Ihdzaro H. & de

Chdzaro 7294 (NY)

Pedilanthus connatus Dressier & Saca- Mexico, Jalisco, Saramano s.n. (MO)

Dyer

Euphorbia turrzaninonii Km: & Kir.

Euphorbia usambarica Pax

Euphorbia ueherbaueri Mansf.

Euphorbia wliitei L.C. Wticcdcr

Euphorbia zonosperma Midl.Arg.

Euphorbia .x\lopb\lloides Brongn. ex

I .em.

Euphorbia sp.

Euphorbia s]). nov. 1

Euphorbia sj). nov. 2

Monadenium elei^ans S. ('art<M

Monodeniutn ellenbeekii Ndv I5r.

Monadenium lindenii S. Carter

Monadenium magnijieum K.A. Bruce

Pedilantluis braeteatus Jacq.

Peddanthns e<ilearatus Schhdl

niano

Peddanthns eymbiferus SchUdl Mexic(j. Puehhi, Steinnuinn 1624 (RSA)
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AF3:nw
AF5:^7;^76

AF5:37U)3
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AF53753B

AF537319

AF53739I
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AFS37Uii

AF53715 i

AF5:5717()
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AF5;i7l72

AF537IP>9

AFr>37192

AF5374y3
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AFS3BI63

AF53ai()2

AF53aiB4

A1'53B224

A F33IJ2 1

H
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AK5;5a2(M)
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A|)|i»'inli\ 1. Conlimuul.

T. ixon

l\'dihtnthus finhii l^»iss

Pedilanlhus nKunxdrpiLs Hcnlh

Fcdiltnilhiis tehiKicanus Riaiidcgt'e

PnlildnlJnis tillnrnahu'drs (L.) Poit.

Syfui(h'i}iiun granlli I look. f.

Origin ari<l voihIht

Mexiio, Oaxaca. Mcarc del Castillo

1551 (MO)

Mexiru, I5aja California, Slcinnianii

1235 (RSA)

Mexico, Put'Ma. SlrlfinKinn I 100 (RSA)

Guatemala, Castillo 2713 (NY)

Ciiltivat^Ml (east liopiral Africa), Strin-

mann 1497 (HSA)

ITS

GeriBank

aeeessioii

AF537520

/ \ I 'S.'} 7 190

/ \Fr).?7i-n8

AFri37W4

AF5;i7K)<)

udhl'

(icriRatik

arres.sKni

A 1"33H2 1 fi

AF53»2iri

AF.iH»2(H


